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[Text] The question of cross-resistance of the body has been the subject of scienti- 
fic debate for many years. Crose-resistance is generally construed as the body's 
ability to withstand the effects of a broad spectrum of deleterious environmental 

and endogenous factors by maintaining normal functions of different systems and 
preserving the dynamic regulatory correlations between them [1!). 


When exploring space and underwater areas, man is subject to the effects of diverse 
deleterious factors, the most widespread ones being hypoxia, high and low ambient 
temperatures. 


The objective of this survey was to analyze the current literature dealing with 
evaluation of man's cross resistance to these environmental factors on the basis 
of an integral criterion, maximum oxygen uptake (MOU). 


According to conceptions being developed in recent years, human efficiency [fitness 
for work] can serve as a criterion of the body's resistance to deleterious factors 
[1, 2), and MOU is the main in.icator thereof, according to the recommendations of 
the International Biological Program (3). The same indicator serves as 4 gage of 
so-called physical fitness, which is widely used in screening and dynamic monitoring 
of the health status of some occupational groups that are subject to a set of dele- 
terious factors in the course of their professional work [4-6]. The MOU, which 
reflects primarily the functional state of the cardiac, respiratory and locomotor 
systems, depends on sex, age, conditioning and several other parameters that charac- 
terize the individual. The habitat has 4 strong influence on magnitude of MOU. 








A comparative analysis of MOU in representatives of different occupat ional gi -upe 
engaged in moderate and eavy physical labor and living in the lowlands and [fuoot- 
hills (up to 1000 m above sea level) revealed that the miners in the foothills 
have fellably lower MOU and MOU per ke body weight, as compared to workers in .he 
machine building industry in the northern part of the central sone of the USSH, 
Yor these groups, the mean values of these parameters constituted 2.8 and 3,2 
liters/min, 39.6 and 45.7 mi-min=' ke™'. Additional differential analysis of the 
results revealed that the demonstrated difference between MOU levels is attributable 
primarily to differences between groups of workers engaged in moderate physical 
labor, Nowever, the differences between groups performing heavy labor were hot 
significant (7), 


The obtained results confirm the known data to the effect that even miid hypoxia 
lowers MOU and that 4 constant and intensive physical load (PL) diminishes the 
influence of this factor, 


Different resulte were obtained fron a study of two groups of young men residing 

in the foothills (760 » above seal level) and in the mountains (3200 @ above sea 
level). As in the preceding study, MOU was measured in the subject's customary 
habitat. Maximum PL at high altitude constituted 1280 kg-m/min and at low altitude 
it was 1100 ke-m/min. The same submaximum MOU (VO:) wae reached by the mountain 
dwellers with less increase in functional tension of the cardiovascular system 
than for the foothill dwellere, against the background of greater tension of the 
reapiratory system (8). 


According to other data, the ventilatory reac’ on to acute hypoxia, both at rest 

and during PL, is markedly diminished. Vital lung capacity of infants up to | 

year old born in the lowlands and highlands was about the same. At 9-1) years 

of age this parameter was 21% higher among highland children than their peers living 
in the lowlands, and by the age of 18-20 years the difference was up to 45%. A 
decrease in pulmonary ventilation under the influence of acute hypoxia, as well 

as increase in lung volumes, are observed under the influence of the environment, 
and they are not genetically determined or the consequence of adaptation in the 
prenatal period [°)}. 


The results were just the opposite in another comparative study of mountain and 

lowland dwellers. in children born in the mountains, there was increased susculari- 

zation of pulmonary arterioles, which led to an increase in vascular resistance 
and pulmonary hypertension. As a consequence of these changes, there was an in- 
crease in diffusion capacity of the lunge and dilatation of the right cardiac vent- 
ricle. Development of these adaptive reactions begins in the prenatal period, 
as indicated by the significantly lower birth weight and higher ratio of weight 

of placenta to weight of the neonate at high altitudes. Short mountain dvellere 

(160 cm) presented reliably higher MOU per kg body weight, as compared to repre- 

sentatives whose average height was over 162 cm [10]. In view of the fact that 

height is primarily a genetically determined factor [il], it may be aseumed that 

adaptation to hypoxia not only develops in the prenatal period, but is a genetically 
determined feature of the organism, to 4 significant extent. At the same time, 

MOU and vital lung capacity reach levels that are typical of mountain dwellers 

in individuals born in the lowlands and who goved to the sountains in childhood 

or youth. The rate of adaptation of these parameters is inversely proportional 

to the age at which the sove was made and proportional to time spent in the moun- 

tains. 





In epite of the fact that there are differences of opinion concerning the dominant 
role of heredity of environment, the existing da-a indicate that the development 

of feactions that implement hypoxic resiatance is associated with an increase in 

MOU, Just Like chronte exposure to a4 hypoxic environment leads to an increase 

in MOL, so af inerease in MOU as a result of conditioning is associated with an 
increase if Fesisatance to hypoxia, It is known that MOU/k@ body weight drops by 

an average of 3.2% per 300 @ at high altitudes (over 1500 m above sea level)(4, 10), 
However, i¢ @uet be foted that the degree of decline depends on the base value of this 
parameter, For example, in athletes who trained for endurance and had high MOU, fit- 
fear was leas affected when they moved to a high altitude than in unconditioned indi- 
viduals, The knowhow gained to date in sports physiology demonstrates convincingly 
that the combination of physical exercise and exposure to hypoxia is effective in 
rapidly increasing fitness, which is accompanied by 4 marked increase in MOU. As 

4 result of exercising at altitudes of 1000 and 3000 @, with the same intensity 

of tratoving loads, the higher the altitude, the more @arked the increase in MOU 

(12). jhe same direction of effects of intensive PL end adaptation to hypoxia re- 
sulted in acquisition of higher resistance to accumulation of lactate and, conse- 
quentiv, to inereaset efficiency in a hypoxic environment (8, 12]. 


The results of a atudy of thresholds of ventilation reactions of subjects to hypoxic 
and hypercapnic stimuli failed to demonstrate a relation thereof to sex, age and 

“MD [13). However, thie cannot be indicative of independence of hypoxic resistance 
from MOU, sinee there is still no convincing evidence of a link between level of 
threshold of ventilation reaction to hypoxia and resistance to hypoxia [14]. 


High vital capacity and diffusion capacity of the lungs, increased overall! volume 

of ecireulating blood, oxygen and buffer capacity thereof, increased permeability 

of captilaries and desaturation capacity of tissues, the activity of a number of 
enzymes and more adequate regulation of circulation and respiration are all involved 
in increasing resistance to hypoxia in individuals with high MOU [2, 12, 15, 16]. 
However, in spite of the seemingly clear mechaniem of increased resistance to hypoxia 
with increase in MOU, some studies failed to confirm thie link [17]. Thus, the 
question of relationship between MOU and resistance to hypoxia requires further 
investigation. There is 4 more unani@ous opinion concerning the same direction 

of effects of conditioning and heat adaptation on resistance to hyperthermia. Phy- 
sical fitness is most intimately related to body and ambient temperature. The cir- 
cadian rhythmof body temperature are related to variations in athletic achievements 
(18, 19), pulmonary ventilation and VO. with PL [20, 21]. Subsaximum PL performed at 
0700 bh (period of low values in the cycle of circadian body cemperature) is associ- 
ated with less marked heat-regulating tension than the same PL performed at 190 h 
(22). 


For the time being there is no agreement as to changes in MOU as a function of t ime 
of day. According to some authors [23, 24], MOU diminishes reliably at aight, where- 
as other authors find no differences in MOU as rejated to time of day [|25, 26]. The 
inconeistency of these findings could be attributed to methodological! differences 

in determining MOU. An indirect measurement, according to heart rate with a submaxi- 
mal ioad, using the Astrand nomograms, failed to demonstrate differences in this 
parameter in the course of the day, whereas direct testing showed a reliable 57 dec- 
line of MOU at night [23). 








in view of the fesulte of numerous studies, it can few be considered proven that 
individuals who are net adpated to heat but with high MOU present greater ‘eat re~ 
siatance than individuals with law MOU | 27-29), The efficacy of training 48 4 means 
of inereasing heat resistance is proportionate to the intensity of conditioning 

pL (90, 31). Le te known that there te 4 fhegative correlation between rate of ele= 
vation of body temperature with exposure to heat and resistance of Pl. and MOU (286, 
0, 32). There are indications that acclimatization to heat leads to an increase 
in MOU, even without being combined with physical training (33). The highly reli- 
able correlation between resistance to heat and magnitude of MOU makes it possible 
to wee the latter as 4 criterion of human endurance of heat, Tt is believed that 
individuals whose MOU exceeds 40 alwmin='*ken" have high heat resistance, whereas 
with MOU below this level man cannot be considered resistant to high temperatures 
(Me). 


The increased heat resistance of individuals with high MOU is attributable primarily 
to the fact that heat production with 4 PL is not proportionate te the absolute VO, 

but to the VOr/MOU ratio [35]. This fact, which is of basic importance to compre- 
heneion of the mechanisms involved in heat resistance, was distinctly demonet rated 

in a number of studies conducted at different ambient temperatures and intensities 

of PL (35). Graphs were plotted on the basis of the results of studies of resistance 
to high temperatures among nonacciimated, part ially and completely acclimated indi- 
vidyals, and they make it possible to predict body temperature with 4 given value 

of VO,/MOL. Thus, with a psychrometec reading of 32,2°C, rectal temperature will 
reach 38.3°C in 4 4 of work at WO,/90U = 35%. With VO, /MOU = 48%, body temperature 
will rise to 39.7°C within the same period of time. Body temperature at ambient 
temperature of 34°C can remain stable when working with VO, not exceeding 30% MOU, 
and at 29°C ambient temperature when it does not exceed 43% MOU. When ambient tem- 
perature is below 29°C, the body temperature can remain stable with a PL when VO, 
reaches 50% MOU [32]. 


These data cannot be considered accurate enough, since they are based on MOU values 
measured prior to exposure to heat, while MOU diminishes appreciably in the presence 
of heat stress. In studies conducted with the subjects submerged in water varying 
in temperature, it was demonstrated that MOU reaches maximum values with water tem- 
peratures of 30-35°C. A 10% increment of MOU for every degree of elevation of water 
temperature is observed in the temperature range of 20-30°C. MOU drops drastically 
in water above 35°C [36]. In the presence of thermal stress, VO, decreases with 
both submaximum and maximum PL. Differential evaluation of aerobic and anaerobic 
fractions of metaboliem with subsaximal PL revealed that they constituted 74 and 
26%, respectively, under comfortable conditions, whereas the aerobic fraction dropped 
to 65% and the anaerobic rose to 35% in a hot microclimate (37). As a result of 
l2-day conditioning, which led to an increase in MOU on the average from 2.6 to 

3.2 /min, there is a decline not only of relative (due to increase in MOU) but 
absolute VO, with the same intensities of PL. Concurrently there is 4 decrease 

in heat production, rectal and skin temperature, with increase in perspiration [ 36). 


in individuals with igh MOU, along with diminished heat production and intensified 
secretory activity of sweat glands leading to slower elevation of body temperature, 
there is a decline of temperature threshold of perspiration [39-42]. Improvement 

of the mechanism of evaporative heat loss is sanifested by a change in composition 
of eweat and faster achievement of constant rate of perspiration [43, 44}. 











Increased secretory function of the sweat glands is fraught with the possibility 

it development of dehydration disorders, which are often the immediate cause o/ 
thermal injurtes, However, along with inereased capacity for loss of fiuids, the 
conditioned (with high MOU) body aleo hase greater reserves of endogenous fluid, 

One of the important distinetions of the conditioned organism ia the capacity ‘or 
rap 4¢ enlistment of free fatty acids, which leads to elevation of anerobic threshold 
and oxidation of predesinantly tate. Oxidation of lipides is associated with twice 
an®uch tl uld production that oxidation of carbohydrates; for this reason, with sub- 
maximum PL in the presence of heat stress, the individual with high MOU has a higher 
potential for perspiration [46], 


Performance of physical exercise under febrile conditions leads to serious hemodynamic 
changes! inereased delivery of blood to working wuscles and faster blood flow in 

the skin to eliminate excese heat. The high functional capabilities of the cardio- 
vascular system, which provides for a high MOU, is also the basis for enhancing 

heat resistance. The increase in total circulating blood volume as a4 result of 
systemic effects of heat an! phys'cal loads can reach 10%, which is considerably 
greater than the increasing demands of cutaneous circulation. For this reason, 

there is also an increase in blood supply to working muscles, diastolic filling 

of the heart, stroke Volume and, 48 4 consequence, an increase in orthostatic stabi- 
lity at high ambient temperatures [46]. 


in well-condittioned athletes, cutaneous ve ,oconstriction may dominate over vasodilata- 
tion, even in the presence of marked hyperthermia [47-51]. 


The hemodynamic distinctions acquired as 4 result of training provide for maintenance 
of a temperature gradient between the endogenous environment and body surface when 
there ia difficulty in heat transfer. When working in protective gear, the differ- 
ence between rectal tempera .ure and mean weighted skin temperature decreased by 
0.45°C in 56 min, when their mean MOU constituted 45 mi*min='*kg™' (the mean duration 
of working until they had to stop), whereas in subjects with MO = 36 mi*min=' *ke™ 
it diminished by 1.2°C in 35 min [52]. A higher temperature gradient between the 
endogenous environment and body surface, which increases convec*ive heat transfer, 
is an important factor in providing heat resistance, and it serves as a reliable 
prognostic indicator when evaluating the thermal status of the organism when there 
are limited possibilities for evaporative heat loss (53, 54). 


Recently, yet another mechanism was discovered, which provides for better heat re- 
sistance among conditioned or heat-adapted individuals. It was demonstrated that 
thermoregulatory disturbances at high ambient temperatures are closely related to 

an increase in osmotic pressure in plasma, as a result of dehydration [55]. Since 
cutaneous and muscular vasodilation occurs faster and is more marked in conditioned 
individuals under the concurrent effect of PL and high temperature, the drastic 
pressure drop in capillaries leads to passage into the capillaries of interstitial 
fluid, which is less tonic than plasma, and this leads to a drop of osmotic pressure 
of the latter and, consequently, prevents development of thermoregulatory disturb- 
ances [56). 


The body's adaptation to circulatory hypoxia and work-related hyperthermia, which 
appear while performing intensive exercise, is apparently the basis for increasing 
its resistance to hypoxic hypoxia and thermal stress caused by exogenous temperature 
conditions. 














Conditioning, which leads to very high MOL (marathon frunnhing) is associated with 
an increase in cold resistance, along with increase in heat resistance. Marathon 
runners present less marked cold shivering under the influence of low temperatures, 
in addition to the well-known factor of decline of perspiration threshold under 

the influence of high temperatures, thie made it p ssible to expound the hypothesis 
that the thermoregulatory reference point is shifted down in marathon runners (57), 


The data referable to the possibility of development of cross-resistance to cold 
and heat were confirmed in a comparative study of physiolertcal reactions of marathon 


runners and swimmers, whose mean MOU constituted 66.5 4 ; wemin™ *ke™, ree 
pectively, When submerged in a tub with 30°C temperat. , VO, of ewimmere increased 
linearly with immersion time over 4 period of 9% min, | stabilized at a level 


exceeding the base level by 60%. In marathon runners, Vu. ..creased for the firet 
WO min and became stable in the JOth-60th win of immersion. Rectal temperature 
of the swimmers was substantially lower than that of the marathon runners before 
and during the lst h of immersion [57]. - 


Thus, in spite of the absence of specific adaptation to cold, the mara'hon runners 
presented the same cold resistance as swimmers, who constantly encounte,ed this 
factor. Maximum insolation was 20% higher than previously recorded indices of 
unconditioned individuals [586]. The high cold resistance of maration workers was 
unrelated to the distinctions of fatty insolation or metabolic heat production; 
rather, it was due to the increased capacity for peripheral vasoconstriction, which 
developed with prolonged performance of heavy physical labor. 


Studies were recently conducted, the results of which revealed that an increase 
in cold resistance can be observed not only in skilled athletes, but unconditioned 
individuals under the influence of 40-day training [59]. 


The results of studies dealing with cross-resistance to hypoxia and cold are sparse 
and contradictory. There are indications of a negative correlation between resistance 
to hypoxia and cold [60]; on the other hand, it was demonstrated that intermittent 
cold leads to an increase in resistance to hypoxia [61]. Data obtained from 4 com- 
parative study of cold resistance among mountain and lowland dwellers revealed at 
least two physiological distinctions in the highlanders that gave them higher cold 
resistance: higher level of basal metabolism and increased blood flow in the extremi- 
ties, which caused them to have a higher temperature [62). 


Cold-caused peripheral vasodilation, which is observed in high-altitude dwellers 

in theirnatural habitat, is also observed in tests made at sea level. The mountain 
dwellers demonstrated higher cold resistance, manifested by 4 slower rate of decline 
of body temperature and skin, and less marked cold shivering when exposed to total- 
body cold. Under the local influence of cold, the duration of the period of initial 
vasoconstriction in the fingers was substantially shorter and blood flow reliably 
faster in the highland dwellers than in lowland resideats [63]. 


The small number of studies does not enable us to gain a clearcut idea about the 
mechanism of increase in cold resistance with increase in the body's MOU. Regular 
training, which leads to increase of MOU, is associated with « decrease in heart 
rate, arterial pressure and VO, at rest. The same distinctions, which are indi tive 
of prevalence of parasympathetic influences, are observed in hypoxia-adapted 





individuals These srapefties could be invelved in providin. areater (‘unet ona 
feertvee of the cardofeapifatery eyetem to provide freaiatane te acute eoald factote 
‘yperthereic and Nypothere@ic estates are associated with development of phasic cifcule 
fofy Hypoeta, fer thie feaeen, it @ay be aacumed that af of caniom with high feeletame 
te Wypotle will alee @anifest higher fesistance in a state af hyperther@ia of hypo 


therfiea 


imoepite of the fact thet there are many unclear elements with regard to the @echan 
jee thet Provide « fose*fesistance, the obtained data warrant the Cone lueion that 
"in tease of MOL ie aseociated with aequisition of funetional distinetions whieh 
prevent development of hypor':, hyperthermic and hypothermic estates under the influence 
i the corresponding conditions, on the one hand, and provide for better tolerance 

| theee etates, on the other Moreover, MOU ae an indicator of fitness reacts 

retiy te change 19 @28 composition and temperature of the environment, so that 
it an be weed a6 4 OF iterion in eetting standards for deleterious factore. Thue, 
7) © an be weed a6 an integral indicator when assessing the functional etate of 
the body, a8 well ae when predicting endurance thereof under extreme conditions 
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[Text| Studies of the human cardiovascular system in the presence of prolonged we ight- 
leseness revealed signe of redistribution of blood in 4 cranial direction ae 4 result 
of disappearance of hydrostatic biood pressure and relative deconditioning of sechan- 
ieme of regulation of the circulatory system, which ie ganifested in flight by inten- 
sificaton of the reactions to load teste (1-4). Prompt detection and predict ton 

of adweree etates related to these phenomena are important for correct planning 

of the work and rest echedule, and determination of efficacy of preventive measures. 


Studies pureved with the participation of the crew commander (CIR) and flight engineer 
(PLE) were 4 logical continuation of acewmulation of scientific data pertaining to 
the study of the behavioral of the circulatory system during orbital flights. 


Methode 

Polynome-2™ and Bheogr ay! (tapolat system) equipment wae weed to study inf light 
hemodynamice. We recor: cleetrocerdiogram in the DS lead, kinetocardiograme 
from the region of the 4) eat, tachooecillograme with placement of the compree- 


sion cuff on the arm [shou-cer|, ephygmograme of the femoral artery, rheograms of 
the trunk in the shoulder-shoulder lead, rheoencephalograme of both cerebral hemi- 
spheres with electrodes on the forehead--maestoid process, rheograme of the foreare 
and leg in longitudinal leads, with the use of circular electrodes. During the 











flight, we analyged the heart fate (WK), afterial pressure (AP) by the Method of 

N. N. Savitekiy [5], Phase structure of the cardiac cycle from the kinetocatdiogram 
'6) and velocity of pulse wave propagation in the aorta (VPWa) according to pulse 
lan in the femoral artery in felation te time of opening of aortic vaive, a8 de= 
termined on the kinetocardiogram, From the trheographic curves we wetermined the 
stroke (8V) and minute (MV) volumes of circulation [7) and rheographic parameters 
indirectiy reflecting pulsed filling and tonus of vessels of the regions examined 
[8). There was no strictly fined time of day when measurements were made, since 
they were determined by the distinetions of the 24h cyclogram and telemetric communi~ 
cation with the ground, but a8 4 fule they were preceded by Goderate physical and 
emotional activity, 


Results and Diseussion 


The resulte illustrated in Figures | and 2 indicate that the dynamice of MR of both 
cosmonauts presented a tendency toward decline at the early stage, stabilization 

in the We4th week and progressive inerease from the 4ist day on, which cont invued 
virtually te the end of the flight. The WR increment, a6 compared to the mean pre- 
flight lewel was in the range of 12-35% for the Copand 12-277 for the PLE. Por the 
iret 2 months the CDR presented a deciine of AP parameters followed by a tendency 
toward recovery. in the PLE an analogous direction of changes was demonstrable 

in lateral systolic pressure, while the drop of puleed AP was the gost marked on 
the 7th, 4let, 119th and 137th daye (by 22, 44, 32 and 22%, respectively, a6 com- 
pared to the preflight level). 


The typical dist inetion of dynamics of indices 
of phase structure of the cardiac cycle (sys- 


= ifnin tole and diastole of the left ventricie) 
. , R was that there was persistent shortening 
wry ee jie of the phase of isometric contraction (IC) 
* a» ds us and less stable relative extension of the 
tm a Le period of ejection by the left ventricle 
Ho eo 5 (Pt) in both cosmonauts, and in most caves 
’ = this was indicative of development of 4 syn- 
a w, ‘ain ” drome similar to the well-known volumetric 
— / load phase syndrome (9). There was 12-41% 
hy shortening of the IC phase, 5-287 extension 
oe w™ \ of PE in relation to proper time for given 
9 ’ * WR and 9307 in relation to mechanical sye- 
ial 4 wa we tole. Concurrently thre was 7% increase in 
7 — — A intrasystolic index and 16-19% decrease in 
; /~ index of gyocardial tension. The changes in 
eee — diastolic indices of the left ventricle were 
characterized by 4 decrease in phase of iso- 
Figure i. metric relaxation by 19-50% and extension of 
Dynamics of HR, AP, MV AND VPWa dur~ filling period. it should be noted that the 
ing 140-day ‘light, at rest changes in systolic indices and isometric re- 
Mn) minimal laxation were not clearly related to duration 
™) mean of the flight. Concurrently, the duration of 
Le) lateral systolic the filling period increased by 19-23% in both 


cosmonauts during the ist month of flight, 
but thereafter did not differ from preflight levels; this increase was noted chiefly 
with reference to the phase of rapid filling. The changes in phase indices were gore 
marked in the COR. 











. te * The dynamics of cireulatery bleed volumes 
— \ —r' determined rheographically revealed that 
wil) Vw Ve SV inereased appreciably (by 20-32%) on the 

4 44 4th-6th days in both crew members, There= 

ia ‘ after, this parameter did not differ from pre= 

B\ An tyes flight levels, with the exception of the 62d 

a y © day for the CDR and 119th day for the FLE, 

Ba when @ decline was observed (by 26-28%). 

we “ — MV corresponded to the mean preflight level 

a a throughout the flight, or elee was higher, 
— but without exceeding the range of maximum 

⸗ ned Pr, Av levels on the ground. In @oet cases, we 

= Nn ow. AA observed 4 2-542 in VPWa in both cosmonauts, 

; \ 

J 0 Rheographic examination of regional hemody- 
ex 44 hamice revealed that there was redistribution 
TEeRRe Fea es of puleed filling of vessels between the upper 

Figure 2, and lower parte of the body. Pulsed filling 
Dynamics of phase of isometric con- of head vessels increased the most on the 50th- 


traction, ejection period and indices 85th flight daye (by 79-101%), then reverted 
of puleed filling (PF) of head and to the base level or even decreased. Pulsed 
leg veesele at rest during 140-day filling of are vessels increased or did not 
flight; AU--arbitrary unite change, while filling of leg vessels was 
decreased, 46 compared to preflight levels 
(by 15-367), throughout the flight. The dynamice of arteriolar and venous tonus 
of the regions examined were individual in nature. Thus, in the CDR the tonuse of 
emall head vessels diminished the most at the beginning and end of the flight. in 
the PLE the deviations of indices of arterioles and veins of the right and left 
hemispheres varied in direction; however, their absolute values were within the 
range of preflight levels. The indices of tonuse of leg vessels dropped appreciably 
at the stare of the flight, a6 compared to base levels (with the exception of venous 
tonue of the FLE, which increased), and by the 119th day there was gradual return 
to values equaling preflight ones or exceeding them. The tonus of emall arterial 
vessels of the forearm had a tendency toward some increase in both cosmonauts at 
the start of the flight, and it was gore marked at the end. The changes demonstrated 
in weightleseness in hemodynamics and structure of the cardiac cycle were apparently 
due to two factors: elimination of hydrostatic pressure and, as 4 consequence, redis- 
tribution of blood and change in vascular tonus [10], a6 well as decrease in muscular 
exertion due to the diminished physical load and tension of tonic postural muscles 
1144. 





The phasic nature of hemodynamic changes was the result of successive involvement 

of mechanieme of adaptation of the body to the new environmental conditions. As 

we know, hypervolemia of the upper pert of the body is 4 consequence of redietr ibu- 
tion of body fluids, in turn, hypervoleata is associated with the sensation of blood 
rushing to the head, facial edema, increased venous return of blooc to the heart. 
Oejectively, thie was ganifested by an increase in SV and MV, increased pulsed fili- 
ing of head vessels and development of the volumetric load phase syndrome. The 
pressure in the venous system gust become balanced, i.e., increase relatively in 
the central veins and right atrium, and decrease in peripheral veine (4). The fact 


i3 








that filling of jugular veine was inereased during the let @onth of flight is an 
indirect confirmation of changes in venous pressure, This is indicated by the typ=- 
feal change on the jugu'ar pulsogram (enlargement of presystolic and diastolic waves), 
an wel! a8 results of indirect measurement of venous pressure during decompression 

of the lower half of the body during long-term space flights (1), 


As we know, elevation of pressure in the cardiopulmonary region is 4 stimulus for 
ufioading reflexes, which are manifested by development of bradycardia, hypotension, 
deposition of blood and which lead to a decrease in venous return of bleed to the 
fight and left heart (12). Evidently, these processes also affect changes in HR 
and AP, which were observed during the first month of flight and were more dist inet 
in the CDR, 


Subsequently, due to triggering of reflexes from the carotid sinus, there is pro- 
bably establishment of a mode of system function that is balanced on a new leve) 
|13). This ie aided to some extent by elimination of some of the “excessive” fiuid 
due to stimulation of diuresi«, with involvement of the Nenry-Gaver reflex or by 
some othe: means [14], 


The change in phasic structure of the cardiac cycle, which was demonstrable over 
virtually the entire flight merits attention. Typically enough, reduction of the 
isometric phase and relative extension of the isotonic were reflected in the dynamics 
of diastolic phases: shortening of time of isometric relaxation and extension of 
phase of rapid filling. There are two ways to explain this. On the one hand, the 
possible increase in positive chronoinotropic influences on contractile function 

of the myocardium could be related to intensified activity of the adrenosympathet ic 
system, which is manifested when more intensive physical training and operator 
work are performed. On the other hand, adaptation of syocardial function to the 
hemodynamic changes that are specific to weightlessness is a probable cause. it 
my be assumed that, in weightlessness, the exertions of tonic postural muscles 
are reduced to 4 ainimum, and because of the constant underload the guscular systes 
becomes deconditioned to some extent. These factors could diminish the activity 

of ao-called “peripheral hearts” [15], which are involved in skeletal muscles in 
movement of blood from arteries, through capillaries, into veins, as well as the 
function of guscular venous pumps, which help in the venous return of blood to the 
right atrium (16). Exclusion of these elements of circulation of blood over the 
veasels probably causes an increase in intotropic influences on tyocardial function, 
with increase in rate of myocardial contraction and relaxation. This is manifested 
by the increase in force and efficiency of pre-ejection and ejection paases, on 
the one hand, and reorganization of diastolic structure, on the other. 


The obtained data warrant the conclusion that changes in parameters of the cardio- 
vascular system are functional in nature, and they show that man can adapt to 
Weight leseness. 
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[Text| Only moderate, but not always consistent changes were demonstrated in studies 
of various aspects of metabolism during space flights. Thus, weight (mass) loss 
due to dehydration developed only during short-term flights. Only in such flights 
wae it possible to demonstrate a reliable decrease in extracellular fluid (1, 2). 
Blood urea level increased over 4 narrow range, but consistently [3, 4); in most 
cases, cholesterol concentration decreased, but occasionally increased | 3). 

With regard to changes in endocrine indices, increased excretion of epinephrine, 
norepinephrine [5] and aldosterone (5, 6) were the gost consistent ones. After 

the flights there was usually no increased elimination of 1/7-hydroxycorticosteroids. 
This led to the assumption of functional hypoadrenocorticiem, since the end of a 
flight, which is 4 powerful stimulus, should have induced 4 nonspecific glucocorti- 
coid reaction if there was preservation of functional reserves of the adrenal cortex 
[7]. According to existing publications, there was 4 decrease in potassium mass 

in all cosmonauts examined [8]; however, the emall number of such studies does not 
enable us to derive definitive conclusions. After flights, a consistent increase 

in blood plasma creatinine kinase activity was observed, and this is understandable, 
since the activity of this enzyme always increases with increase in physical acti- 
vity (9, 10}. 


Against thie backgrounc, the consistent and reliable decrease in concentration 
and mass of hemoglobin is of utmost interest; it was demonstrated in all examined 
cosmonauts who had participated in flights lasting more than 2 weeks [11, 12). Of 
ali the metabolic changes found up to this time, this effect is the most specific 
for epace flights. 








', A, Korehuyevy was the first to suggest in 1963 that there could be impairment 

of hemoglobin synthesis in weightlesaness, on the basis of purely theoretical consi- 
derations {13}, 14), We believed that the absence of gravity would lead to dystrophic 
processes in bones, which must inevitably also affect the hemopoietic function of 
bone Marrow, Concurrently with these theoretical studies, Soviet cosmonauts were 
found to have ehanges in red blood celle [12], while American researchers, who used 
radioactive isotopes, demonstrated 4 decrease in erythrocyte mass of crew members 

of Gemini-7 whieh was flown in 1965, We know from orthopedic works that people 

who have spent a long time on bed reat present a decrease in blood mass [15]. These 
lacte and theoretical considerations prompted us to develop a rather simple and 
convenient method of assaying hemoglobin masse. The results of systematic studies 
using this metod are summarized here, 


Methods 


Cusmonaute were examined under hospital conditions before and after flights. before 
the flights, most of them had been under observation for several years, and this 
enabled us to determine the hemoglobin mass inherent in each of them with reliability, 
the fluctuations thereof not exceeding 7-82. Experiments involving long-term hypo- 
dynamia were conducted on young men, who had spent up to 1 month on etrict bed 

reat and who receivied a diet that was similar in composition to the cosmonauts’ 
flight rations. in some of the tests, the head end of the bed was dropped to an 
angie of about 6°. We assayed blood reticulocytes using the conventional method 

and hemoglobin mase by the carbon @gonoxide method. For this, the subject breathed 
with a mixture of air and a certain amount of carbon dioxide in 4 closed system. 
Hemoglobin mass was calculated from the increment of blood carboxyhemoglobin | 16). 

in order to elaborate etandard indices and assess reproducibility of the method, 

we examined 267 men 18 to 60 years of age, whose hemoglobin mass constituted 4 mean 
of 736275 @ or 412435 g/m’ body surface. The scatter of individual data obtained 

in numerous teste on the same subject was characterized by a coefficient of variation 
of 2.6%, 


Resulte and Discussion 


Figure | illustrates the results of postflight testing of cosmonauts’ hemoglobin 

mass. The first postflight examinations revealed a decrease in hemoglobin content 

in most cosmonauts, and it reached 25-33% of the base level. The decrease was at 

a maximum after flights lasting 1-2 months; no distinct stabilization of hemoglobin 
mass was observed with longer flights. For the first 2 postflight weeks, erythrocyte 
and peripheral blood hematocrit levels were reduced, then gradually rose. On the 

day they landed (0 day) and on the lst postflight day, there was an increase in 
hematocrit in cosmonauts who had performed increased exercises in the readaptation 
period. This transient postflight thickening of blood disappeared after fluid intake. 


On 0 day, the number of reticulocytes in peripheral blood was on the average about 
one-half the base value, which apparently reflects changes in inflight blood composi- 
tion [li]. The readaptation period was characterized by a marked reticulocyte reac- 
tion. From the existing material, it was possible to demonstrate a correlation 
between the nature of this reaction, duration of flight and hemoglobin deficiency 
(see Table 1). in all cases where the tests were repeated over a rather long period 
of time, the maximum number of reticulocytes was found in the end of the 2d week 
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and beginning of the 34 week of the readaptation period, Not infrequentiy, the 
reticulocyte count was 5-7 times higher than the preflight level after long-term 
flights, We were impressed by the fact that there was faster development of the 
fettouluyte seaction after (lighte lasting over |} monthel already on the firat 


poatllilght day the reticulocyte count reverted to normal, and by the Jd day it in 
creased by |. 5-2 times, 
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Figure |, Figure 2, 
Changes in hemoglobin mase after space Peripheral blood reticulocytes on 0 post- 
flights flight day. X-axis same ae in Figure |. 


X-axie, duration of flight (days) Y-axis, reticulocyte count (thousands 
Y-axis, hemoglobin mase (% of base value) per vt) 





Table 1. Nature of reticulocyte reaction as compared to hemoglobin deficiency 


immediately after flight 
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The duration and severity of the reticulocyte reaction varied significantly. Con- 
siderable differences were observed in composition of blood of the same crew members 














Atter 49% and 140-day flights, It @ust be noted that similar degrees of changes 
in metabolic patametera were not uncommonly demonstrated in previous studies on 
all crew members | 7), 


Table 2, Changes in erythrocyte mase of American astronaute 
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The decrease in hemoglobin mass during space flights was most probably due to inhibi- 
tion of erythropoietic function of bone marrow. This is confirmed by the low reti- 
culocyte levels in peripheral blood (Figure 2). There was negligible change in 
peripheral blood hemoglobin concentration, and this could occur only if there was 
concurrent decrease in plasma volume. Thus, simultaneously with inhibition of hemo- 
globin synthesis in weightlessness, there is apparently also inhibition of formation 
of serum albumin, which is the main protein of blood plasma. 


The recovery process begins rapidly after termination of the flight. The increase 
in reticulocyte count is indicative of intensification of erythropoietic funct ion 

of bone marrow. The direct change in hemoglobin mass is indicative of slow but 
consistent increase. In spite of this, the concentration of hemoglobin and number 
of erythrocytes in peripheral blood decrease for some time, reaching 4 minimum on 
the 9th-25th postflight day. This indicates thac, at this time, blood plasma volume 
is restored faster than the globular part. 


Our data are consistent with the results of American researchers, who studied erythro- 
cyte mass volume at different times after a space flight using radioactive tracers 
(Table 2). Erythrocyte mass aleo diminished in American astronauts, though to a 
lesser extent than in Soviet cosmonauts. There was a well-marked postflight reti- 
culocyte reaction. Thus, on the 21st postflight day, reticulocyte count reached 

234% of the base level in the crew of Skylab-3. 


Analogous changes were also demonstrated in studies involving simulated weight less- 
ness by means of bed rest in horizontal or antiorthostatic [head end of bed tilted 
down| position. After spending 30 days under these conditions, there was also a 
decrease in hemoglobin and plasma volume, but to a lesser extent than after space 
flights (Table 3). The dynamics of the tested parameters of erythrocytes during 

the period of recovery after hypokinesia were generally similar to the postflight 
dynamics. The rather good similarity of reactions to real flight conditions and 
simulated flight conditions in laboratory experiments indicates that antiorthostatic 
hypokinesia can serve as a model for studying mechanisms of hemopoietic changes 
during space flights. 
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W-day hypokinesia (Xtm) 


Changes in gass and concentration of hemoglobin, and in reticulocyte count in studies involwing 
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The mechaniem of the abovesdesecribed changes 
cannot be related solely to lyperoxia, as 

it was originally assumed by American fre- 
searchers (17, 18). There was virtually 

no hyperoxia in the cabins of Soviet space- 
craft, let alone the fact that there could 
not be any in the wodel studies, 


The dynamics of changes in concentration 

of hemoglobin and reticulocyte count in 
peripheral blood were studied comprehensively 
at the early stage of antiorthostatic hypo- 
kinesia (Figure 1). During the firet day 
the hemoglobin level rose significantly 

and remained high ‘or the entire first week 
of the study. By the 4th day, most subjects 
presented different degrees of reduction 

of reticulocyte count in peripheral blood. 
Since overall hemoglobin masse could not 
change severely within several days, the 
increase in concentration of hemoglobin 

in peripheral blood apparently reflects 

a drastic decrease in plasma volume, which 
occurs consistently in such teste (19, 20). 





Thickening [coagulation] of blood, which 
occurred on the let day of ant iorthostatic 
hypokinesia may be the triggering mechaniem 
of inhibition of erythropoiesis. Although 
hemoglobin content of blood was not deter- 
mined on the firet days of space flights, 
many of the resuite of mode! and postflight 
tests [1, 2, 22, 23) suggest that there 

was also a period of blood coagulation at 
the start of space flights. 


With strict bed rest, it was possible to 
demonstrate by the method of tissue cultures 
net only a decline of erythropoietic activity 
but appearance of inhibitors of erythropoiesis 
on the 8th day. The inhibitor was usually 
not demonstrable after 1-1.5 months, while 
the subjects’ plasma presented very little 
erythropoietic activity [24, 25]. After 
space flights, an increase in erythropoietic 
activity of plasma and urine was demonstrated 
by the method of testing on polycythemic 
hypoxic mice as early as 5-18 h after the 

end of the flight 11. 





There have been previous indications of 
a link between blood hematocrit and synthesis 








“Ln of eubeltatces thet Inhibit efythfopetesiea 
(eheiones) (26, 29). Gne would think 
that theee eubetahcee afe sytithesised 
on the fifet daye of antiorthoetetic hype 
hifesia, when there te coneidetabie thicken 
‘= MA f ; ing of bleed, Although concentration of 
I — bieod at the start ef epace flights hee hort 
' , been demonstrated by difect measurements, {' 
nf iT may be aeeumed thet it ie the @ain cause ef 
inhibited hemepeltesic in weight leseness. 
Thie explanation appeate gore plaveiblie than 
the one of FP. A, Rorehuyew (13, 14], that 
hemopoliesiea ie inhibited wader the inf lvuence 
of dystrophic processes in bone tissue. in- 
be Daye deed, there ie 4 decrease in hemoglobin mase 
and reticulocyte count even after 2 week 
flights, when there are still ae eigne of 
dystrophic processes in bones. 


figure >} 
Dyfhemice of Fetleuleeryte count (8t) 
and hemoglobin concentration (Mb) 
at eatiy stage of ant lorthostat te 
hypotinesia (£86) Keanie, day of 
evamination, .--bhackeround 


The link between rate of production of hemo- 
giobin and plasma proteins had not been 
studied heretofore, it apparentiy existe. 

in any case, there wae simultaneous inhibi- 
tion of hemoglobin and plaeme protein eynthesi« both during flighte and in model ex- 
periment Dieser lation between these processes occurred only in the readaptat ion 
period, and it wae orief 


At the present time, the -linicophysidegical significance of the described changes 
in hemoglobin @ace and plasma volume canfhot be evaluated exhaustively. On the 

one hand, the findings are favorable: with increase in duration of flighte there 
ie fo proportionate progression of changes in hemoglobin masse. Recovery proceeds 
Quite energetically, and although it requires over | gonth, it oceure without 

ahy complications and good well-being of the cosmonauts. On the other hand, the 
decrease if Nemegiobin Meee presente 4 hazard to the health of the coemonaute, 
since it lowere the body's resistance to hemorrhages, which could be caused in 
fil@ht by diveree unforeseen « irowmetances. 


BIBL LOORAPHY 
Diwsekaya, |. C., and Belakhowekiy, I. & in “Koemicheskive polety na 
toreblyath ‘Soywe ° Bilomediteineskiye issledovaniya” [Space flights aboard 
the Sowue Beries Spacecraft Bicmedical Studies), Noecow, 1976, pp 197-200. 
i Berry, ©. A. ABROSPACE MED... Vol 45, 1974, pp 1046-1057. 


) Bealabhovebiy, |. 5., and Orlowa, T. A. SOGMICHESEAYA BIOL. [Space Biclogy!. 
No 6, 1978. op be *# 


rs Orlowa, T. A in Problemy koemichestoy biclogii” [Problems of Space Bio- 
ioay!),. Moscow, Vol 1}, 1969, op 1086-109. 


Zi 








10 


i] 


iz 


13, 


i6 


Zi 


22 


itutwer, J 4 Whedon, ‘. v i Les hatte, r A J et ai j, CLIN ENDOUR ; Vai 2%, 
1969, be 1440°11598 


Rervy, ©. A. ABROBPACE MED., Vol 41, 1970, pp 3006529 


Ralakhovekiy, |. 8., and Natechin, Yu. V “Probleme of Space Biciegy. Metabolicn 
Under Real and Simulated Butreme Conditions,” Meseow, Vol 22, 197), 


Ralakhovekiy, |. 8.) Rieelew, &. B&B.) Kaplan, BM. A.) et a1, ROBMIOCHESERAYA BIOL, 
Ne }, 1978, op tiel)d 


Tierenyan, #8. A.) Belyakewa, BW. 1.) and Ralita, B. FF. in “Rosmioheskiye polety 
ne korablyakh ‘Soyue.' Biomeditainekive iesledevaniya,” Moscow, 1976, pp 287- 
90) 


Komarev,. F. 1.) Reorewkin, 8. FF.) and Men’ehikev, V. V. “Biochemical Teste in 
Clinical Practice,” Leningrad, 1976, p 54. 


Legen'bow, V. 1.) Riselew, &, &.) Gudim, V. 1.) et a1, ROBMICHESKAYA BIOL., 
Ne 6, 1977, pp d-12, 


Legen'kov, V. |. “Dynamice of Peripheral Blood Parameters in Cosmonauts During 


Professional Training and Space Flights,” candidatorial dissertation, Moscow, 
1974 


Korehuyev, P. A. in “Aviateionnaya i koemicheskaya mediteina” [Aviation and 
Space Medicine), Moscow, 1963, pp 284-287. 


idem “Evolution, Gravity and Weightleseness,” Moscow, 197). 


Oberfield, DB. &.; Bhaweah, F. G.; O'Hanlon, E. P.; et a1. ABROSPACE MED., 
Vol 39, 1969, op 10-14. 


Kieelev, &. K. “Wew Carbon Monoxide Method of Assaying Hemoglobin Mass,” 
candidatorial dissertation, Moscow, 1973. 


“Chelovek vw dlitel'nom koemicheskos polete” [Man During Long-Ter® Space 
Plighte!|, Moecow, 1974, op 57-61, 


Berry, C. A. ABROSPACE MED., Vol 40, 1969, pp 762-769. 


Lamb, |. B.; Stevens, P. M.; and Johnson, &. C. Ibid, Vol %, 1965, pp 755- 
76) 


Miller, P. 8.; Jobneon, D. C.; and Lamb, L. £. Ibid, pp 1077-1082. 
Voet, F. 8.,. and Johnson, &. C. Ibid, Vol 38, 1967, pp 21-25. 


Kimeey. S&S. L.; Johneon, P. C.; and Mengel, C. F ibid, Vol 47, 1976, pp 383}- 
190 


22 











“eaAry, | -. i auc i ii ana Sieber, + Lit vULAlT See... Wei &, Lore 





tT , 9% 
" Shc hefha, * “| Moleeveva 0 +.) 206 Velsehanethava, A. ™ wok AN SLUR 
eR Rid Rep: ries | the UGG As ademy of té€ lee ee, Bik ;oey Series!, VO £24, 
9 > pt 9) » 3 
ihc herhba, ™ “., Seiseeveva, OU i.) Volehenetave, A. BM.) @t a) rigitn 7H aaar 
rhyveiei: gitai ifjurnai of the VUGER!. Ne ig, i975, pe | PATS Fa 
6 Newel fF vey. ’ ibid. We i, iv7a. PR a4 af 
Neustirovev, | ¥., an@ Petrayv, & va TRILTOLOGIVA (Cyteleegyv!), Be 7, 1978, 
Pi 17% if} 
* Morivama, ¥., ane fFieher, J. W Life Sti... Vel 16, 1975, BR i Wiel Oe 
’ hiviiaakesa, f . ane Bvtomar, | CELI Tiss einrT » WO &@, 7a, PP i 9 











UOC: 612,014, 477-0631612,173.) 
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|Text!) The question of theoretical [proper| values of the gain phases of the car- 
diac cycle is — rather important one. The degree of deviation of some parameter 
from ite proper values could serve a6 one of the criteria in evaluating and prog- 
nosticating the condition of a eubject. The function that determines the relat ion- 
ship between duration of the cardiac cycle (C) and perind of ejection of biood 

by the left ventricle @P) is among the gost important functional relations. De- 
termination of normal of proper valves of EP for 4 given heart rate (HR) would 
enable us, for example, to differentiate between 4 reaction to 4 change in heart 
rhythm and reactions to changes in venous return, gyocardial contractility and 
other important conditions of cardiac function. 


A comparieon of actual EF values found in cosmonauts at rest to the proper ones, 
which were calculated using formulas in the literature [1-4], rewealed consistent 
differences between them. Moreover, in the case of some graded influence on the 
cardiovascular eystes, the dependence of EP on pulee rate aay be other than at 
reet. 


Our objective here was to find relationships between C and EP in resting coemo- 


naute and with the use of 4 functional test involwing lower body negative pressure 
(LSNP). 


EP was deterwined from the kinetocardiogram, recorded for the region of the apex 
beat. We tested 19 cosmonauts at rest, processed 330 preflight records and 180 
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i) welaltleseness, We tested |) commenaute with LANP, analyeing 100 pref lignt 
sid 190 Feeorde if welght leseehess 


ve weed @ computer to analyze the felationships between two variables, © and bf 
Equations of fearession describing EF ae a function of C were found a8 « Fesult 
of thie analyete, 


Reeulte and Dilecussion 


Analyste of the data revealed that the relationship between § and EP can be described 
satisfactorily by an equation of linear regression, At feet, thie equation hee 
the following appearance 


ep + 0,183 + 0,098 ¢ (1) 


Selection of coefficients of linear regression from data obtained at rest in weight= 
jeseness revealed that the relationship between the gesasured variables can be 
deacribed by virtually the same formula a6 on the ground) 


re = 0.188 + 0.095 C¢ (2) 


The maximum confidence interval for one eubject did not exceed 0.025 « in both 
ca6ec., 


A compatieon of the equations obtained to those oroposed previously by V. L. 
Karpman (|!) and I. Ye. Oranekiy (2) rewealed that the lines of regression charac 
terizing EP as 4 function of & are in an intermediate position in the cosmonauts 
(Figure 1). Thus, while the theoretical EP wath C = 0.7 corresponds to 0.23 « 
according to V. L. Karpman and 0.27 @ according to |. Ye. Oranekiy, it equals 
about 0.25 «© im equations (1) and (2), 


it can be etated that the nature of relationship between C and EP is retained in 
the absence of gravity, in spite of the fact that, in weightleseness, the cardio- 
vascular system undergoes 4 change related to the adaptation process. The proper 
EP values in weightlieseness can be calculated in practice useing the formula found 
for earth's eravity 


with the use of LBSNP under ground-based conditions, the relationship between C 


and EP can aleo be satisfactorily described by a linear function, but with differ- 
ent coefficients. The line of regression has 4 somewhat larger angie (Figure 7): 


Pp - 0.1% ¢ 0.125 C (3) 


When there is good endurance of LENP in weight leseness there is virtually no change 
in EP as a function of C (4). The values of EP are situated on the average only 
0.005 « below the preflight ones (see Figure 72): 

ep = 0.132 + 0.124 C (4) 


in both cases, the gaxi@um confidence interwal did not exceed 0.027 «. 
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Figure |, Figure 2. 
Lines of regression characterizing EP Lines of regression characterizing EP as 
as 4 funetion of C at rest a function of C 
1) data of i, Ve. Oranekiy 1) with good enurance of LBNP test on 
2) preflight the ground 
3) inflight 2) with good endurance of LONP in weight~ 
4) data of V. L. Karpman leseness 


3) with orthostatic test 


Here and in Figure 2: m-anie, C, 8) The dots indicate actual EP with good endur- 


y~anis, EP (in 6) ance and triangles with poor endurance of 
LONP in weight lesenese 


Consequently, one can use the formula defined before the flight to evaluate EP 
changes under the influence of LONP in weightlessness. 


We know that the LONP test in weightlesenese is perceived by cosmonauts 46 4 s*ronger 


factor than on earth [5]. In view of the gore marked redistribution of biood and 
decrease in venous return, we could have expected substantial changes in the rela- 
tionship between EP and C. However, this function remained unchanged, the only 
difference being that the theoretical “ground-based” EP point would be 6) ightly 
higher than the “flight” point. 


This relationship can probably be impaired in cases of poorer endurance of the 
factor of dimin shed orthostatic stability of the crew under the influence of 
space factors. indeed, 4 comparison of the actual values of EP obtained in the 
case of diminished endurance of the test to the theoretical ones, determined with 
the abowe formula revealed that they differ substantially from one another. 

Figure 2 illustrates the position of actual EP values with normal and diminished 
endurance of LENP in weightleseness in relation to the lines of regression corres~ 
ponding to equations (3) and (4), a8 well a8 in relation to the line of regression 
determined for orthostatic conditions. With normal endurance of LENP, the values 
of EP were within the range of the confidence interval; with diminished endurance 
they were considerably shorter than the theoretical ones and were close to the 
values inherent in the orthostatic test. This circumstance demonstrates once 








more that there is More Gafked shortening 





BY b of EP, whieh is closer te orthostatic, in 
HA/min — the case of poor endurance of «35 am He 
Preflight Prefiig@nt LONP, although LANP of =50 ame Hg is consid- 
; S ered an analogue of the orthostatic test 
* | [7}. Bvidently, the above distinetion is 
—— 1 also not * oe flights. —— 
. in-fii ing to our findings (6), even on earth the 
inof ligne * reaction to -40 am We with diminished endur- 


ance of LENP wae similar te the reaction to 
=50=--60 ame He with good endurance of LON, 
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in the opinion of some researchers (8), one 
could set the concept of theoretical EP ior 
4 given HR during exposure to an orthostatic 
factor against the concept of theoretical HR 
with a given EP. Physiologically, this is 
* quite justified, since EP is more closely 
me Bg veges + Bcc wth pened related to changes in venous return during 
Bi =-background the orthostatic test or LONP than to changes 

in WR. This approach to analysis enables us 
to take a different view of the pulee rate reaction to 4 postural factor. There are 
cases in the literature [9] indicating that the decrease in orthostatic tachycardia 
is not 4 positive phenomenon, and one can differentiate the orthostatic react ion 
from the deviation of theoretical HR with 4 given EP. 


Figure }, 
Changes in heart rate with good (a) 
and poor (b) endurance of LONP test, 


Analveie of our data from this vantage point revealed that differences in endurance 
of the LBONP test during flighte can aleo be clearly differentiated on the basis of 
theoretical WR calculated for the demonetrated EP values using formula (3) of (4) 
(Figure 3). 


In the case of good endurance of LONP (see Figure ja), the HR reaction conforms with 
ite theoretical value, and the dynamics of decrease in blood flow rate do not differ 
substantially from preflight findings. With diminished endurance of the test, HR 
wae actually @uch lower than the theoretical value (see Figure 3b). Consequently, 
estimation of duration of EP as compared to walwe of C is a rather reliable factor 
for assessing endurance of the LBNP test. 


Thus, the degree of deviation of actual EP valwes or actual HR from theoret ical 
values can serve ae an additional criterion in evaluating the condition of cosmo- 
nauts during flights. 
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[Text] Frequent changes in the work-reat schedule are one of the distinctions of 
many occupations (civil aviation flight personnel, industrial workers on different 
shifts, diepatchers, railroad workers, etc.). 


Studies have established that the disturbances occurring in man with changes to new 
24-h period schedules are not infrequently the immediate cause of diminished labor 
productivity and worsening of well-being [1-5]. It was found that the severity of 
these changes and rate of their disappearance in the course of adaptation are 
largely determined by the types of schedules used and, primarily, the correlation 
between “degree of shift and segmentation” of sleeping-waking cycles [!1, 2, 6-8). 


The significance of “degree of shift and segmentation” of sleeping-waking cycles 
to the process of man's adjustment to a new schedule and the role of such factors 
as structure of 24-h schedule, strictness and faithfulness of adherence to the 
daily schedule, individual biorhythmological distinctions, the pace of life of 
other people, motivation, etc., in adaptation were disclosed in previously published 
works [4-10]. In these studies, attention was devoted aainly to the changes in 
various body functions to conform with the new living schedule within the framework 
of long intervals (up to 2-4 of more weeks). At the same time, in practice it is 
sometimes necessary to make brief (up to 2-3 days) changes to a new schedule while 
performing complicated, emotionally charged, responsible work. Unfortunately, in 
most of the oublished works, relatively little attention, in our opinion, was de- 
voted to the study of the early stage of adaptation to 4 new living schedule, so 
that wecannot predict accurately enough the dynamics of functional state and effi- 
ciency of operators under such conditions. Unquestionably, there is great 
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theoretical and practical interest in the study of initial human reactions when 
chanaing to 4 new sleepingewaking cycle, 


Our objective here was to analyze the influence of changing from the usual sleeping= 
waking echedule to 4 shifted one on man, 


Methods 


We conducted the study on 35 healthy men ranging in age from 25 to 42 years, who 
were divided inte 6 groups. For the first group (2 men) the schedule called for 
sleeping from 1000 to 1800 hours and being awake from 1800 to 1000 h. In the second 
group (12 men), sleep time was from 1400 to 2300 bh and waking time from 2300 to 
1400 hy in the third group (2 men), sleep time was from 1800 to 0200 h and waking 
time from 0200 to 1800; in the fourth group (8 men), sleep time was from 2300 to 
0800 bh and waking time from 0800 to 2300 hy in the fifth group (2 men), sleeping 
time from 0200 to 1000 h and waking time from 1000 to 0200 hy in the sixth group 

(9 men), sleeping time from 0500 to 1400 h and waking time from 1400 to 0500 h. In 
epite of the fact that the studies lasted 86 to 3 days, we analyzed the react ions 
immediately after changing to the new schedule, on the first day. 


During these studies, the sibjects were in an isolated room, with normal micro- 
climate parameters and artificial light of 150-200 lux. 


There was 4 etrict echedule for the activities of each subject, and it was the 
same in structure with all modes, consisting of experimental psychological and phy- 
siological teste, physical exercise, tranemission of reports, self-observation, 
self-service (preparing meals, personal hygiene, etc.). 


During these studies, we recorded the following parameters: circadian rhythm of 
correlations (K) between integrated activity of fast (a+ & and slow (8 + 0) 
waves on electroencephalograms (EEG), and heart rate (HR), averaged for 1 min; 
mental productivity (latency periods of simple and complex motor reactions, speed 
of arithmetic operations, eccuracy of estimating a 20-8 interval; quality and dura- 
tion « sleep (according to ERG, actogram and subjective evaluation). 


Resuilte and Diecussion 


According to the data obtained, a  hift to a new sleeping-waking schedule caused 
deviations in dynamics of the tested functions on the very first day. The chief 
ones were devictions in dynamics of sleep. Table 1 shows that rather good sleep 
was observed in only 3 subjects, who adhered to the ordinary daily schedule (4th 
group). In representatives of this grup, we could judge the normal course of 
sleep from the fact that they fell asleep rapidly (within 10-15 gin), there was 
the usual correlation between slow-wave and paradoxical phases, and motor activity 
wae low. 


A shift to the left on the time ecale of the sleep period caused it to worsen. 
Thus, when sleep was shifted by 5 h and the waking period was shortened to 11 h 
(34 group), the typical findings were an increase in falling asleep time to 60- 
80 min, intermittent sleep and prevalence of the superficial stages A, B, C), 

with high motor activity during the first half of the “night,” on the one hand, 














prevalence of deep slow-wave phases (D, E) and low motor activity during the second 
half of the “night,” on the other hand, 


Table 1, Results of study of sleep dynamics when subjects shifted from the usual 
sleep ing-waking echedule 
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“Note: Range of fluctuations is shown in parentheses. 





A 9h shift of the sleep period and shortening of waking period to 6 h (2d group) did 
not cause 4 significant increase in falling asleep time; however, sleep was brief 
(2-4 h) and superficial, the subjects woke up frequently and presented high motor 
activity. The men in this group were characterized by 4 polymorphic EEG pattern 

while asleep, with vagueness of different phases and changes therein. The correla- 
tion between deep slow-wave stages and the paradoxical phase was markedly diminished 
for the “night” as a whole. The subjects’ own reporte were also indicative of 
shortage of sleep in this group. 


Somewhat different deviations of sleep dynamics were observed when the work and rest 
achedule was shifted in the opposite direction (to the right). Thus, when the sub- 
jects went to sleep at 0200 and waking period was extended to 19 h (5th group), 

most of them fell asleep rapidly (within 5-10 min), slept deeply and calmly to 
0700-0900 h (i.e., they awoke 1-3 h earlier than the scheduled time). Deep slow- 
wave stages (D, E) and the paradoxical phase were prominent on the EEG. 


With a 6-h shift of the sleep period to the right and extension of waking period to 
22 h (6th group), even less time was required to fall asleep (up to 2-5 min), after 
which there was immediate deep sleep with relative prevalence of the paradoxical 
phase, which resembled morning sleep [9-12]. Such sleep lasted to 0700-0900 h, 
i.e., only 2-4 h. Subsequently, some of the subjects fell asleep again after a 
short wakeful period, but sleep was superficial and intermittent. Other representa- 
tives of this group did not fall asleep again until the end of the scheduled period 
after waking up. Nevertheless, according to the subjective evaluations of subjects 
in both the 5th and 6th groups, sleep was quite good over the “night” as a whole. 


Distinct sleep disorders were observed in subjects who made an ll-h shift in sleep 
period and whose waking period was reduced to 3 h (let group). In this group, we 
observed an increase in time required to fall asleep, to 50 win, superficial sleep. 
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with frequent awakening, high degree of motor activity and impairment of phase 
structure of sleep, which is reduced to 4-6 h, 
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Figure 1. Figure 2. 

Circadian dynamice of HR of subjects Circadian dynamics of correlation between 
on different schedules with single fast (a and 8) and slow (8 and ©) EEG 
alternation of sleeping and waking waves of subjects on different schedules 
periods (mean data). Here and in with single alternation of sleeping and 
Figure 2, let to 6th groups respect- waking (Mean data). ave 
ively. Striped areas indicate sleep K - Bec 
periods. 


Thus, analysis of the obtained data indicates that there is a change in sleep 
function immediately after changing to an unusual schedule, which is related to 
duration of prior waking period and direction of the shift of sleeping-waking 
cycle. When there is a shift to the right on the time scale and waking period 
is extended, the sleep disorders are referable primarily to the second half of 
the sleep period, which coincides with the waking period with the usual schedule 
(9, 12). When the schedules involve a shift of sleep periods to the left and 
shorter waking periods, the first half of the sleep period is affected, primarily 
the process of falling asleep. As the phase shift nears inversion, the sleep 
disorders become more marked. 


Some changes in circadian rhythm of HR and EEG are also observed with the change 
to a different living echedule. According to our findings (Figure 1), on the 
usual daily schedule (4th group), ail subjects presented a distinct diurnal rhythm 
to pulse parameters with elevation of values in the daytime and decline at night. 
The very same changes were demonstrated in the dynamics of correlation between 
fast and slow EEG components (Figure 2). 


The most noticeable disturbances of circadian rhythm of physiological parameters 
were noted in representatives of the 2d group (9-h shift to the left). The pulse 
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rate curve (see Figure |) of these subjects was appreciably flatter than that 

of subjects in the 4th group (who can be considered as the standard in this case, 
since this curve was obtained on the normal Living schedule), and the differences 
between sleeping and waking periods were very slight. An analogous comparison 

of the curves for subjects in the 2d and 4th groups in Figure 2 indicates that here 
too the difference between the two curves is significant, both with regard to genera! 
shape and correlation between values recorded during waking and sleeping periods, 


Thus, 4 9h shift to the left of sleeping-waking rhythm wae associated in our 
studies with marked disturbances referable to circadian dynamice of HR and EEC. 


As can be seen in Figure |, impairment of circadian rhythm of HR was also observed 
in the let group of subjects (lil-h shift to the left). The cireadian curve of in- 
dividuals in this group was characterized by the presence of a segment with very low 
values in the middle of the waking period, between 0100 and 0600 on the local 

time scale, We do not observe such a decline of HR in the middle of the waking period 
on the usual schedule (see Figure 1, IV). The presence of two distinct minimums 

is also demonstrable on the curves reflecting the correlation between integrated 
activity of fast (a and &) and slow @ ando) EEG rhythms (see Figure 2, 1). Con- 
sequently, the li-h shift in sleeping-waking rhythm was associated with apprec table 
disturbances of circadian dynamics of HR and EEG parameters, just as we found with 

a %h shift. In the other cases (3-, 5= and 6<h shifts) we failed to demonstrate 
any significant disturbances of circadian rhythm of HR and EEG (see Figures 1 and 
2): just like those of subjects in the 4th group, the curves for the 34, 5th and 6th 
groups were characterized by an overt elevation of parameters during the waking per- 
lod and dec'ine during sleep. 


Table 2. Dyramics of efficiency indicators of subjects when changing to a shifted 
sl -eping-waking cycle 

















Wak Group 

Parameter period 
Simple motor reactions | ist 219 219 7% | 28 6278 
to photic stimuli, ms | Sth 2 sos | OSH | COBB 2% 8688 
i0th $22 29 * 278) 060278 » 
Sth 339 so ww » 606 9) 
Reaction of choice to ist © | BB 52 5 2 


Sth | sr | 4 | 
photic stimuli, Ms 10th ey ie wy iy | 636 585 
15th 440 wi 593 10 Se —— 





Rate of performing ist 69 502 #420 38 398 4.21 
C th $85. 54 464 #438) 412 * 

— jperations, 16th 699 5461399!) 407) 379) 340 
iSth 22. 507 #472 31M 447) 480 

20-8 tame estimating | det 35% 16) 4% 2.68 1.04 1.10 
test (deviation from | Sth + 23 r + 34 1 20 3 
specified), s 10th 4 48 


HSER 3 





The results of testing mental productivity of the subjects are listed in Table 2. 
The data in Table 2 indicate that subjects in the ist and 2d groups definitely 
performed arithmetic operations more poorly than representatives of the 4th group. 
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Although we do not tule out individual differences in teat achievement by members 
of different groups, we must Hote Ehat the poorer results observed in the iat and 
/d groupe in the middle and end of the waking period could be attributed to their 
change to an unusual Living schedule with considerable phase shift, in the groups 
with emaller phase shifts (3d, 4th and 6th), the results of performing arithmetic 
operations did differ as unequivocally from the 4th group; however, even here 

(the only exception was the 5th group, with the emallest phase shift) arittmet ic 
operations were performed worse in most cases than in the 4th group. 


At the same time, several of the parameters of mental productivity of groupes on 

a shifted sieeping-waking echedule were better than in the gioup with the usual 
schedule. Thus, the daytime dynamics of choice reaction were more distinet in 

the 2d and 6th groups than the 4th. As compared to the 4th group, the 6th pre- 
sented obvious advantages as well in accuracy of estimating specified time inter-~ 
vale. We cannot rule out the possibility that mental productivity of man, referable 
to some forme of work, may remain on a high level on the first day after altering 
the living schedule, when the etress reaction is only starting to develop. More- 
over, we know that man's productivity can improve with moderate stress; from this 
point of view, some stress is useful. 


According to our data, intellectual operations pertaining to arithmetic are the 
most vulnerable on the first day after changing the living schedule. The test with 
arithmetic operations can be recommended, firet of all, to assess man's mental pro- 
ductivity when living schedules are altered. 


On the basis of the foregoing, it can be concluded that the use of schedules that 
differ trom customary ones by shifts in sleeping-waking cycle of more than 3 h can 
lead to appreciable worsening of sleep, already on the first day of the new schedule. 
Phase shifts that are close to inversion (9- and ll<-h) may be associated at this 
time with impairment of circadian dynamics of HR and some EEG features, as well as 
poorer performance of some intellectual operations. When there is 4 compulsory use 
of altered schedules in the work of representatives of various specialties, one must 
take into consideration the negative influence of such schedules on man. 
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[English abstract from source] 


feaekh helene aed bbe of wot swbyoris beep! of «a Sali ul ep ars 
Th im eoted thw emulated tie to an allitude al 4 m afiticipation 
oO mePhiatum “4 feewtal aor During sitiulaied fite the bevel of 

Hae and sini meet aelinl ol seta deareaeed During anti ips 

‘Hug atin ~~ " cmmwernitaiion giee Levels of histamine and seroto 

bef ‘a gree enth om th teat subpete kept of the apace diet eith cortain 


(Text! There are data in the literature [1, 2] that indicate there is significant 
increase in blood seretonin and histamine content under the influence of nervous- 
emotional stress. The dynamice of setaboliem of these substances are characterized 
by 4 prolonged aftereffect, which could cause allergic reactions [3, 4). 


At the same time, there is virtually no information in the literature concerning 
hietamine and serotonin levele ae related to the combination of aitred diet and 
ner vous-emotional strese. 


in tis work, we studied the effects of conditions that cause stress on histamine and 
serotonin levels in blood. All of the subjects were on the diet worked out for the 
crew of the Salyut orbital station. 


Methods 


We conducted 2 60-day studies with the participation of 10 healthy males (5 in each) 
ranging in age from 23 to 41 years. 


We selected models that simulate some of the situations inherent in space flights, 
related to elements of risk and unexpectedness, to reproduce neuroemot ional stress 
under laboratory conditions. 


in both studies, simulated ascent in 4 pressure chamber to an “altitude” of 8000 a, 
anticipation of accelerations on a centrifuge, as well as gental work (assignments 
varying in difficulty tobe performed within a short time). 














i) the Firet @tudy, the diet was based on 4 Geday Benhu with feed inte@eke 4 times 4 


day ihe MeAA Value Of thy ‘ily fation eonaetituted 1100 keal The diet contained 
* —0. 1 * fat . ) Pig t catbohydrates, 2.9 r potaeseailul, 4,0 & eod iv, 0,7 e 
4iciua, | jj > phoasphofus “i U,@ e ta gree ium (according te ahaiyt i< al data) The 


diet wae well balaneed wit! eepect t® Main futriente, and ite luded & vitesin supple 
ment in the form of Undevil |orenges, 


if the second study, the diet additionally imeluded }) sets of food supplements con 
sisting of vitamins, glucose, Minerals and phosphatide concentrate, The subjects 
were given these supplements for 5 days prior to each etrese situation, 46 well ae 
om the day of exposure to each of the etressore, 


hioo? Histamine wae assayed by the fluorimetric gethod of Shera et a4) i>] and eere- 
tonin by the method of Shuder et 4]. a8 modified by V. 1. Kulinekiy and L. & 
Kostyukovekaya [6] Concurrently we examined binding capacity (hietaminepectic a 
tivity) in bleed serum by the method of Parrot et ai., a6 godified byw V. I 
Ilvanitekiyv [7] 


hinood wae taken for the teste on the day of exposure and | day after it (after 
etfect period), 


The obtained data were submitted to statistical processing. Reliability of differ 
ences wae evaluated according to Student, 


Rosulte and Dieeussion 


‘es can be seen in figure A, there was some elevation of histamine level with simu 
ition of ascent in the pressure chamber, particularily on the day of exposure 

(P°0.05), Comeurrently there was 4 decrease (P<0.02) in histaminopectic activity 
f blood serum (Figure 2A 

an 


en anticipating accelerations on the centrifuge and 4 gental load, there wae a de 
rease in blood histamine content (0.001). During the aftereffect period we ob 
served 4 tendency toward increase (normalization) of histamine concentration; however, 
histamine level remained lower than background levels (see Figure 14). Histamino- 
pectic activity of blood serum did not differ frow normal (see Figure 24 


Fiture 18 ehowe that al three variants of stress situations had no appreciable ef- 
fect on blood histamine content with the use of food supplements There was only 

4 slight elevation of histamine level with the MW wariant of etreses situation, ae 
well as in the afteretfect period following the firet wariant of etreee. Histamine 
pectic activity also failed to change appreciably (Figure 28. 


Simulated ascent in the preseure chamber had no substantial effect on blood serotonin 
mcentration both on the day of exposure and in the aftereffect period (Figure 44) 
when anticipating accelerations on the centrifuge there was an increase in blood 
serotonin level (P°0.0) and P°0.001, respectively, on the day of exposure and in 

the aftereffect period) 


vith the third variant f etress, thre was some elevation of blood serotonin leve! 
n the dav of exposure Thereafter, the serotonin content decreased samewhat (sce 
igure 3A ) 
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Figure i. Figure 2 
Eifect of different stressors on blood Effect of different etressore on binding 
histamine content, capacity of histamine (histaminopexia) 
Key (for Figures i, 2 and 3)) 
4) simulated ascent in pressure chamber BG) background 
b) anticipation of accelerations on centrifuge bef.) before 
©) mental load aft.) after 


A) tiret study 
8) second study 


In the second study, where food supplements 
were used, there was some increase in seroto- 
wae a e hin concentration on the day of exposure to 
of the first variant of a stress situation and 
" in the aftereffect period. When anticipating 
accelerations on the centrifuge and mental 
: 





work (second and third variants of stressors), 
| we demonstrated, on the contrary, some decline 
of serotonin level at ail tested times 

(Figure 3B). 





; 

p< Thus, with simulated ascent in the pressure 
— 2* chasber under the conditions of the first 

no bef, Sft. ao bef. ate. study, the concentration of blood histamine 

increased while histaminopectic activity de- 

creased. When simulating an ascent in the 

pressure chamber with the use of food supple- 

ments (second study), histamine level and 

histaminopectic activity did not change. 

With other forms of stressors (anticipation of gravity loads on the centrifuge, 

mental work), under the conditions of both the first and second etudies, there was 

a decrease in blood histamine content. Histaminopectic activity did not differ ap- 

preciably from ite initial level. 


Figure 3}. 
Effects of several etressore on blood 
serotonin level 


Pvidentiy., with simulated ascent in the pressure chamber 4 change occurs in correla- 
tions between histamine and ite inactivating systems--diamine oxidase and histamino- 
pectic activity. These data confirm the igportance of taking into consideration 

hot only changes in the substrate proper (histamine) but in enzyme-substrate cor- 
relations (8). Not infrequentiy, phenomena iuherent in histaminemia may be 








eheountefed with different states of the organian, with felatively iow bleed Kista 
Amine levelé, bul ahbeence of attenuation of ite ineaetivat ing Sex hafile@e=-dlamifne 
oxidase activity and Nhistam@inepectic aetivity (9%) This could cause af inefease in 
biological aetivity of histamine and, consequentiy, alter the body's allergic back 
gfound 


Apparentiy, the food supplements used in the second study were inetfubental in fe 
storing equilibrium in the system of histamine and ite imactiveating @echanhiame, and 
ied to a deerease if biological activity of histamine 


The fesuite of this study are indicative of elevation of serotonin ‘evel when anti 
Cipating accelerations on the centrifuge in the firet series. in the second one, 
we merely observed individual [luctuations in seretenin content of bleed. Appa- 
rentiy, when expecting eravitational loads on the centrifuge, there was elevat ion 
of bleed serotonin level as 4 result of diminished setivity of the ensyme seysten, 
in particula® monoamine oxidase [10, 11). Ewidentiy, the use of food supplements 
was instrumental in restoring equilibrium in the eneyme-serotonin system, 


in view of the fact that the etate of the body's endogenous environment is largely 
determined by the qualitative and quantitative composition of food, it can be ae- 
sumed that alimentary factors are the most natural means of normalizing set abo!) ic 
processes causing restoration of enzyme-biogenous amine relat ions. 


Thus, fervous-emotional «stress induced under the conditions of our studies by 4 
simulated ascent in the pressure chamber and anticipation of gravitational loade 

on the centrifuge led te an increase in blood histamine and serotonin concentration 
The nutrients (vitamins, glucose, ginerals, phosphatide concentrate) used ae dietary 
supplements prior te end during the period of stress situations ty. 4 corrective ef- 
fect on the levele of the above-mentioned tiesular hormones in bioou. 
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MOTOR ACTIVITY OF MAN WHEN IT 15 ARTIFICIALLY RESTRICTED 
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[Englieh abetract from source] 


Durmng » prolonged exposore to an alitude chamber (37 190 days) man's motor 

aa? 4 4 ; 

we tie deetrauer 3 + diteld trom 15-178 thowe to 2 8 These Steps ' ée) Dering 

. probonged welrant = @ Chew wm the poe ton rr | an average pny en — root othe 
Hime of tomements fale to 5 7 per hot The change of Motor srtivity — 

hy pad) Hethes and reermet) tollewe (hiee stagee an ate change a tow « 8 

s tege of siebligation af 4 fee evel tt het Geen Shown thal the peopl: lind 


‘heme beet oh 8 environment hewimg thew phy eicel activity €0 fot heave the reed bon 
an aGdiivonal vorbloed 


‘Text|] The question of dependence of gotor activity on various environmental fac- 
tore has fot vet been sufficientiy explored. The opinion is held that the level of 
motor activity remains constant for different animal epecies and that it is genet i- 
cally determined by their sige (|, 2). In the worke of A. D. Slonia [1], it wae 
shown that when the sovement of rodents is reetricted, for example, by the size of 
their cages, the animals try to make up for the deficiency of govements by other 
forme of muscular activity (they begin to gnaw intensively on eticks, the cage and 
other objects). According to the studies of A. Ya. Gapon [3], people who lead a 


sa@ientary life also try to maintain their sotor activity on the constant level in- 
herent to each individual. 


Vader hypokinetic conditions there is drastic restriction of aan's muscular activity. 
The question then arises as to the relationship between decline of guecular activity 


and degree of hypokinesia, as well as other conditions and factors. Our object ive 
here wae to investigate theese questions. 


Met hode 
We conducted two series of studies involving § healthy gen 3-42 years of age. 
in the firet series, there wae severe restriction of sotor activity of the subiectse 


(4 men) by means of 4 prolonged (5 days) stay in an arechsir with especially se- 
lected angles to provide the position of “sean physiological rest,” and the subjects 


4) 











wefe Sot all wed to move Motor activity was @onitered by Means of an actograph, 
whose sefeor eu Ne'sted of aw inflated fubber pillow placed under the lumbar region, 
The aetograme were recorded around the clock, We adhered to the usual schedule for 
the day, providing conditions for sleep at night, 


in the second series, the subjects’ guscular activity was restricted by the dimen= 
sions of a 909m pressure chamber, in which the subjects (4 men) remained around the 
cloek! 2 of them for 120 days, | for 86 and | for 37 days, Their govements were not 
restricted and the conditions were about the same for ali of them, The subjects 
were individuals involved in mental labor (physicians and engineers). in the pres= 
sure chamber, the work load consisted primarily of operator work, performance of 
peychophysioloegical tests and medical examinations, which took up 810 h per day. 
The parameters of the atmosphere differeqd from the ueual ones in that there was a 
somewhat higher concentration of OOe (20.5% flwetwations). in thie series of studies, 
we used pedometers to determine the subjects’ motor activity for 2 weeks before the 
study, during the stay in the chamber and after it. We kept a daily record of mean 
number of steps per day and determined the mean length of the steps. 


it must be noted that the method we used to examine motor activity using pedometers 
is fot without flaws, in particular, 4 pedometer reacts to any jolt of significant 
feree in the vertical plane, including it in the reading of number of steps. At the 
same time, this instrument does not necessarily react to steps, if they are made 
emoothiy, without 4 jerk. Nevertheless, we deemed it possible to use this method 
to study man's motor activity in the pressure chamber, in the belief that the above 
flaws would have the same infivence on accuracy of measuring the number of steps 
before, during and after the test. 


Resuite and Discussion 


The results of these studies revealed that the subjects performed insignificant, of- 
ten unconscious @ovemente, the number, nature and intensity of which were unrelated 
to duration of hypokinesia, while seated in the chair under conditions of “average 
Physiological reat" im spite of the rigid restriction of sobility (Table 1). 





Table 1. Number of movements per hour during 5-day stay in chair in position of 
“average physiological rest” 














Day of 
hypokinesia ¢ ° 01 , , 
9 = Re . 
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5th c= i1i=0.% . 1210" | i}=20° 





*Differences are reliable (0.05), as compared to the night (0100-0700 hours) 


However, under these conditions, gotor activity retained a distinct circadian rhythe, 
namely, it was minimal at night (7-9 govwemente per h) and reached maximum levels 


(li-1) and in some cases up to 24 govements per h) in the afternoon (20-70% more 
than at night). 
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during and after stay in pressure 
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For technical reasons, we did not obtain information about motor activity of subject T-o after 


the study. 


Note: 





in the subjects involved in the second series 
of studies, moter activity ranged from 15,000 
to 19,000 steps per day before the study, 
constituting 4 mean of 16,000 steps. At this 
time their motor activity wae not restricted 
in any way. They performed their usual work 
and some light exercise. 


When the subjects moved into the pressure 
chamber, there wae drastic (J-4=fold) dec- 
rease in motor activity: by a mean of 12,000 
steps on the let day, constituting 4000-5000 
steps on the 2d day with slowly progressing 
decrease thereafter, followed by stabiliza- 
tion at 2000-4000 steps per day. it should 
be noted that the subjects had no active 
desire to be more active. However, on some 
of the days in the pressure chamber the level 
of activity rose, and thie was related pri- 
marily to changes in working conditions. 

The number of steps increased with increase 
in work load, but did not exceed 6000 per 
day (Table 2). Maximum increase in activity 
was observed on the days that equipment was 
assembled and overhauled. The subjects 
sporadically performed brief morning exer- 
cises at their own initiative. 


Since the dynamice of activity were in the 
same direction for all subjects, the obtained 
data were averaged, and they are illustrated 
in the Figure. 


After the subjects came out of the pressure 
chamber and changed back to ordinary condi- 
tions, there was gradual restoration of 
activity within 8-13 days (see Figure). 


it must be noted that not only the number of 
steps taken per day, but the length of the 
steps diminished (by a mean of 15%) while 
the subjects were in the pressure chamber. 


The obtained data indicate that there is 

4 significant decrease in man's motor acti- 
vity when suscular activity is restricted. 
The degree of this decline is minimally 
related to time spent in the chamber. 


in our studies, we failed to demonstrate any 
attempts on the part of the subjects to com- 
pensate for the diminished muscular activity, 
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iithough those involved in the second series Of testa were 4liowed to exercise, and 


special exercilsaefa wefe avalliabie te them The decrease iff mOter B2ectivity in the 
pressure chamber ts apparentiy the fresult of adaptation to hypoedynamic conditions 
hvidentiy, adaptation to these conditions is wiiversal, lt is related to changes 


it Vafious bedy functions, including moter activity, 


Dyfamice of motor activity during long=-tera 


— atay in pressure chamber (mean data for 3} 
subjects), 
\ Aeaxis, day in pressure chamber; y-arie, 
: ‘ 


steps (7) aa compated to initial number 
before going into chamber 


om eee A |) /th day in chamber 
' il) / daye before end of etay in chamber 
Lil) l3th day after leaving pressure chamber 


We an probably determine the number of movements conetituting the biological gin imum 
from the number of movements made while sleeping (see Table 1). It cometituted 2-12 
movements per h in the position of “mean physiological rest’ and increased by 2-4 
times in the waking state The question of biological significance of these movements 
is not clear. Unquestionably, some of the movements are related to redistribution 

of supporting pressure on tissues in contact with the surface of the chair, 48 4 
resuit of which there could be some anemization of these tissues. 


Man's adaptation to hypokinetic conditions, which is manifeated by a decrease in 
motor activity, like the reverse process of readaptation, occurs in three stages. 
ihe first stage is the period of rapid adjustment, which lasted about | day (about 
} daye for readaptation); the second is the period of slow changes (about / days; 
readaptation--up to |} days). The third stage is the period of stabilization of 
motor activity on 4 new level. 


when developing measures to prevent the deleterious effects of hypodynamia by means 
f physical exercises, one must take into consideration our findings, i.e., absence 
of a desire to be actively engaged in exercise in gost people. 
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Vou 


[Text] There are many works dealing with changes in denervated muscies [1, 2], fol- 
lowing tenotomy [|, 3] and after immobilization in a plaster cast (4, 5), but few 

of them deal with the influence of hypokinesia on morphological changes in skeletal 
muscles [6-8], 


In thie work, we studied the morphological changes in white, red and intermediate 
muscles. 


Methods 


The studies were conducted on 15 male Wistar rate initially weighing 260-280 ¢. 
For WO days, 10 of the animals were kept in cages 184*5 cm in size, with access 
to feed (granulated feed for rodents) and water. After 30 days, the rate were 
put to sleep by means of supraperitoneal delivery of urethane. We took muscle 
sections by the identification method [9]: the topmost layer of susculus vastus 
lateralis (white muscle, which contracts rapidly and is glycolytic), the deepest 
layer of the same muscle (red muscle, which contracts rapidly and is oxygen-g@lyco- 
lytic) and gusculus soleus (intermediate muscie, which contracts slowly and is of 
the oxygen type). Control material was taken from the same muscies of 5 rats of 
the same age. Sections for examination under a light microscope were fixed in 107 
formalin solution, imbedded in a paraffin block, then stained with hematoxylin and 
eosin. Material for ultrastructural examination was fixed in 3.6% glutaric alde- 
hyde on cacodyl buffer, pH 7.4, then in 1% osmium tetroxide on Milloniga buffer, 
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pr * After fixing and dehydration, the sections were imbedded in epon, Aft tet 
contraating with uranyl acetate and lead citrate, ultrafine sections were Viewed 


in 4 Téeelae6l}i @lectron mix roscope 
Resuite and Discussion 


J 


The findings using a Light microscope revealed that the appearance of fibers in 


white muecie wae generaliyv correct, In only a few casea we demonatrated some 
increase in number of subsarcolemmic nuciel, There were irregulariy occurring 
email perivascular accumulations of Lymphocytes. No increase in amount of connect 
ive tiseue between mcie fibera wae observed. 





Figure 1. Rat's white muscle 


a) fragment of peripheral part of fiber without appreciable ultrastructural! 
hanges, magnification 9900 * 
bd) irrectiy arranged sarcomeres; some slightiy conetricted myofibrils, 


magnification 9000 


we were impressed by ditfterentiation of tiber diameter in red muacie. Along with 

a tascicl f properly assembied fibers, we observed ftascicies, in which some of 

the fibere and sometimes ai! of them had a reduced diameter The sarcoplasm of the 

narrower fibers was slightly basophilic. Striations were somewhat effaced in many 

places There was an increase in number of nuclei under the sarcolemma and there 

were nuclei in the middle of the gmuaecie fiber. Occasionally, these nuciei tormed 
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shorter of longer rows, Some of them presented signs of pyknosis, others were larger, 
ventcular, with a distinet nucleolus, Focal, granular and clumped disintegration 

of sarcoplasm, with macrophages, was observable within isolated muscle fibers. In 
the endomysium there was some increase in amount of connective tissue, and in some 
areas there was 4 build-up of lymphocytes and macrophages. In the soleus muscle, 

the diameter of most fibers was emaller than ‘n normal muscles. Some of them were 
very narrow, with basophilic sarcopliem. Many presented changes in the nature of 
vacuolar degeneration, There was frequent clumped disintegration of sarcoplasm, with 
cellular phagocytes within the injured fibers. An increased number of nuclei was 
observed under the sarcolemma in many sites, with displacement in the direction of 
the middle of the fiber and formation of nuclear rows, Nuclei that formed rows were 
usually somewhat enlarged, vesiculate and had a distinct nucleolus, There was an 
increased amount of connective tissue within the endomysium; in some places there 
were small lymphocytic, histiocytic infiltrates and neutrophil granulocytes. 


Electron microseopy revealed that most white muscle fibers had the proper ultrafine 
structure, The myofibrils were uniformly distributed, with well-preserved structure 
of sarcomeres. There was a small number of emall mitochondria. Glycogen granules 
were found between the ayofibrile, with a well-preserved system of tubules of the 
sarcoplasmic reticulum and triads. The nuclei were on the periphery of the fibers 
and presented correctly arrangad nuclear chromatin (Figure 1). In some fibers, the 
myofibrils were distinctly narrower than in the control muscle (see Figure 1). Oc- 
castonally, there were minor deviations in arrangement of Z bands, as well as I bands. 
In some fibers, there was negligible dilatation of tubules of the sarcoplasmic reticu- 
lum, as well as clearing of the mitochondrial matrix. Elements of connective tissue 
(a emall amount) and capillaries with normal appearance were demonstrable between 

the muscle fibers. 


in red muscle, most of the muscle fibers presented the usual ultrafine structure; 
however, various forms of degeneration were found in many fibers. The most signifi- 
cant changes were referable to contractile elements. Occasionally, the myofibrils 
were spread out, the spaces between them were occupied by sarcoplasm of diminished 
electron density with a few glycogen granules, irregularly arranged tubules of the 
sarcoplasmic reticulum, remnants of triads and damaged mitochondria. Considerable 
disturbances, consisting of dilatation, diminished electron density, breakdown and 
“diffusion,” were demonstrated in the appearance and lumen of the bands in some areas. 
This was often associated with complete destruction of myofibrillar structure, most 
marked in the peripheral part of the fiber (Figure 2a). In the place of the des- 
troved parts of the fibers there were dilated tubules of the sarcoplasmic reticulum, 
ccastonally so-called membranous bodies, free glycogen granules, cisterns containing 
givcogen, as well as different sized vacuoles, often containing a fine-grain substance 
and membranous structures (Figure 20). 


In addition to mitochondrial changes, we demonstrated considerable lesions. The 

cell nuclei of fibers with signs of degeneration often presented irregular shapes, 
with numerous concavities in the nuclear membrane. In some nuclei, chromatin had 

less electron density, while the space between lamina of the nuclear membrane was 
irregularly dilated. There were isolated supernumerary cells (Figure 2¢). There 

wae an increased number of fibroblasts between muscie fibers, as well as intercellu- 
lar substance of connective tissue, particularly in the vicinity of fibers with dege 
nerative changes (Figure 2). We were impressed by the significant dilatation of 

the intraplasmic reticulum, occasionally with very wide ducts, within the fibrobiasts. 


4) 





6) 





Figure 2. Rat's red muscle 
significant damage to peripheral part of fibers with diffuse fibrillar structure, 
as well as fragmentation and “melting” of Z band; magnification 4750” 
significant damage to myofibrillar structure, and many vaculoes; some contain 
fine-grain substance and membranous elements; magnification 9900* 
satellite cell; magnification /7200* 
increased amount of connective tissue near injured muscle fibers; 4/50” 
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figure 3 Rat's intermediate gueclie 


iderable damage t fiber with defragmentation and “selting 7 barn ver the 
entire eaurt ace ' gdeatroved searcomerTrescé: magnif ix ation 9000+ 
fine-erain seubsetance with eubmerged geabranous elements in the place .‘ deat roved 
mvot ibt ®:; magnification i46,4600* 
damage 't many mitochondria with clearing of eatriz and rupture f their create 
magn it ication Fo 


ery thin @uecie fibere with damaged Sitochondria; gagnification 4750’ 
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\Text |) We examined adrenocortical activity of rate submitted to long-term hypo- 
kinesia. Graded exercise was used as a functional test to demonstrate the reserve 
capabilities of mechaniems that regulate corticoid activity. 


Methods 


we conducted two series of experiments during the same time of year, in May and 
june, On @ale albino Wistar rate with initial weight of 150-180 g. Control animals 
were kept in the usual vivarium, while experimental ones were kept in individual 
box=cages to limit their gsovements. In the first series of experiments, hypokinesia 
lasted 46, 53 and 60 days for the experig@ental rats. The animals submitted to 60- 
day hypokinesia performed graded exercise, running on 4 treadmill for 10-15 min, 
with the belt moving 18 @/sin, once just before they were sacrificed. In the second 
series of experiments, the animals were subsitted to hypokinesia for 53 and 60 days. 
The animals submitted to 6-day hypokinesia performed the same exercise as the rate 
in the first series, but did so daily for §8 days before they we + sacrificed. Pats 
exercieed in the same gode served as vivarium controls. in both experimental series, 
the groups consisted of 4-10 anigals each. After decapitation, we extracted the 
wirenals, which were cleaned, weighed and stored in a frozen state at -20°C for 

i month wntil they were treated. 


In the first series, we studied the amounts of different corticosteroid fractions 
in each pair of adrenals by @eans of densitometry after chromatographic separation 
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on 4 thin layer of silica Bei. +0 improve 
sensitivity of assays, we added 4 seiu- 
tien of tetragelium biue |i=3) te 4 Sue 
pension applied to a4 plate, in the second 
series, in view of the low levels of some 
corticosteroid fractions in the adrenaies 
and related significant variability of 
individual parameters, we determined the 
overall lil-oxyeorticoid (11-00) fraction. 
L11-OC was assayed spect rofluorometfically 
in each adrenal separately (4-6). 
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The Table liste the results we obtained, 
There wae no appreciable change in ratio 
of adrenal weight te 100 4 body weight in 
any of the groupe of experimenta) animais, 
which was indicative of absence of signs 
of hypotrophy ot hypertrophy of the glands 
under the experimental conditions, in the 
first series of experiments, three frac- 
tions of compounds were differentiated at 
each tested time, and they coincided in 
mobility with standards for corticosterone, 
ll<dehydrocorticosterone and 1il-deoxycor- 
ticosterone (DOC), The corticosterone and 
DOC fractions were demonstrated in largest 
amounts, in both control and experimental 
animais. 
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In rate submitted to 46-day hypokinesia, 
the absolute levels of the 3 hormonal 
fractions underwent virtually no change, 
or elee there was 4 negligible deciine, 
as compared to the corresponding eontrol,. 
In the case of 53-day hypokinesia, there 
was insignificant but reliable decrease in 
corticosteroid content of rat adrenais in 
both series of experiments. After 60 days 
of restricted mobility, the animais studied 
in the first series presented an increase 
in corticosteroid content, mainly refer- 
able to the corticosterone fraction. At 
the same period, 11-0C content of experi- 
@ental rate tested in the second series 
of experiments, without exercise, almost 
doubled, as compared to the control The 
increase was reliable when scaled to 100 mm 
adrenal tissue and, in all likelihood, it 
| . a was due to increased biosynthesis of cor- 
re 5 $23 32 ticosterone. The combination of 60-day 
eu hypokinesia and graded exercise 
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1, 2 and 3 asterisks indicate reliability of differences (P<0.05, P<0.0) and P<O.001, respect ively 


from corresponding control. 
lil-oxycorticoid levels were virtually the same in the left amd right sdrena! 
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i Text | The tasks of a new scientific direction, pharmacology of healthy man, 
whose vital functionse occur under physiologically deleterious living conditions 
or with maxi@um tension of functional, humoral and integrative systems of the 
body, have now been forthulated in applied areas of medicine (spac e. sports) il-6/, 
luestions of correction of efficiency, enhancing the body's general resistance, 
broadening adaptational capabilities and speeding up recovery processes are 


1 


inseparably interrelated |/]. 


All this led to the need for a new evaluation of gany biologically active compounds 
used in therapeutic practice. There are reports of the results of such studies in 
the literature; however, most products were used once and without pharmacological 
‘esting of the effect [8-12]. Current conceptions of physical fitness as a category 
consisting of three main elements--energy-forming capacity of the body, neuromuscu- 
lar function and psychological factors (|13]--served as the basis for a comparative 
evaluation of 4 large group of drugs referable to different classes, having defined 
their composition and methods of evaluating the stimulating effect. 








Methods 


We tested over W products and prescriptions using 460 sets of functional testes 

nm 6) male volunteers ranging in age from 2) to 40 yeara, on a bicycle efgometer, 
under the usual .onditions of vital fune' s (Table 1). Background data were 
obtained 2=) times before and after the tf, at the start of which we evaluated 
individual reactivity to the products used, With singie intake of central fer- 
vous syatem (CNS) stimulants, we conducted the teats at the time of maximum phar= 
macological effect, We concentrated mainly on giving courses of products, with 
successive and concurrent addition of different ones, after which they were 
evaluated on the basia of the set of teats, The last one included the well-known 


PWC 99 114, iS} and the “individual endurance” (1B) teat that we introduced, with 
recording of heart rate (HR) on 4 pulse tachometer and exchange of gases on a 
spiroitt ineatrument, Intensity of exercise for IE was selected on the basis 


ff individual PWC,,, in such a manner that the HR would not exceed the aerobix 
threshold of 130-140 per min during the first few minutes [16], which would 
conatitute 9,765 PWC,»5, on the linear segment of HR as a function of exercise load, 
ifter making the calculation using the following formula: 


IE = PWC ) 70*130 

: 170 

A constant intensity of exercise was continued from the time of fatigue of external 
respiration to triggering of anaerobic capacity of the body and to maximum aerobic 
productivity with submaximum HR and maximum 0, uptake [16, 17], the only indis- 
putable criterion for comparing variations of physical fitness and stimulating 
effect [13, 18). A 3J<min spurt at the end of the exercise served as a control of 
proper selection of work load and time of stopping exercise. 


lable 2 lists the parameters with a set of two tests that have been recognized as 
criteria for assessing the efficacy of pharmacological products. The resuits of 
prior studies in the area of hypokinesia with the participation of volunteer 
athletes [19] and the present study enabled us to give them ranks: "zero effect” 
(0), “significant stimulating or inhibiting effect" (*) and “considerable effect” 
(til). 


Results and Discussion 


in the course of these studies, we soived several special problems: 


it was established that the numerical values of PWC; +, during the test 
with measurement of gas exchange were 10% lower than the standard 
values for conditioned subjects and 20% lower for those unconditioned 
to respiration with forced ventilation (8 and 1/ people in the group, 
respectively). 


The numerical value of PWC, 7, failed to reflect the true level of fitness 

to such an extent with intake of products that have a direct effect on 

HR (anaprilin--slowing; phenamine, metamphetamine, ephedrine and sydnocarb-- 
acceleration), that this test is not proper for evaluation of the effect. 


The mean statistical data on the new IE test (63 individuals of average 
physical development) were as follows: work time 28*10 min: intensity 
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85U'100 Kkeem/min, volume of work 30,000 keem, end WR 1/8-164/min, 
HK per apurt 190-210/min (the second figures refer to individuals with 
better physical condittoning), 


With sifigle intake of products of the doping type (group 1), we observed an in- 
‘fease in ih timer by 37% with intake of epherine + atrychnine, 21% with phenamine, 
16, with @Getamphetamine, 16. with ephedrine andlis with sydnocarb When a course 

of ONS stimulants (phenamine and metamphetamine are contraindicated for such 
‘Ourses), Mavitum increase in effictency was noted after intake of 4 Mixture of 
ephedrine and etrychnine (15. PWC, 99, 164 LE). With adminiatration of 4 course of 
therapy wit tt emall doses of the mixture, the doping effects of ephedrine disap- 
peared (background level of HK at rest, during exercise and in the recovery period). 
Separate and combined courses of ephedrine and «trychnine were favorably rated by 
the subjects, who observed increase in general conus and appetite, with postpone- 
ment of fatigue Limit under ordinary conditions of vital functions, 


A course of sydnocarb revealed that thie product is a rather strong stimulant that 
is acutely related to dosage and requires strict indtvidualization. Most sub- 
jects presented worsening of well-being, paipitations, increased perspiration and 
at times severe weakness. Objectively, the doping effects of a single dose per- 
sisted, according to the PWC, +59 teat: increased HR at rest, during exercise and 

in the recovery period; according to the LE test: unreliable increase in perform- 
ance time, which was associated with diminished mean 0) uptake per load. Succes- 
sive inclusion of sydnocarb to courses of amino acids and anabolice led to ana- 
logous reactions, Evidently, it is premature to recommend sydnocarb at the present 
time for space medicine, 


With regard to the group of adaptogens (Table 3, group Il), we compared to the 
effects of eleuterococcus to a relatively new product (saparal |derived from roots 
of Aralia mandechurica Rupr. et Max., with all ABC triterpene saponins|) and one 
that is being evaluated in a new aspect for the first time, Lagochilus inebrians 
\semifrutex of Labiatae family]. The results obtained from the set of both tests 
(minimal increment of efficiency parameters, but faster recovery processes accord- 
ing to HR and oxygen debit) confirmed entirely the existing conceptions about the 
expected effect and constituted an excellent recommendation of the method, with 
regard to ite accuracy. Among the adaptogens, iagochilus is in first place, with 
regard to sti@mulating effect, and it also has 4 marked sedative effect. The 
presence of adaptogens in tonic prescriptions, together with amino acids, vitamins 
and metabolites, is indicative of their excellent compatibility in the general 
enhancement of the effect. 


Biologically active compounds and general tonic prescriptions (see Table 3, group 
lil) constituted a special group. A marked effect is obtained with these products 
when taken for a long time (30 to 60 days). First of all, we evaluated the sti- 
mulating effect of panangin, which is prescribed for various cardiovascular dis- 
vases. it was ftound that panangin has a beneficial effect on efficiency, as a 
mild stimulant without any side-effects (9-12% PWC; 7, and 10-16% LE) when taken 
for a 2= and 4-week course. Two agents containing amino acids (panangin and 
glutamic acid) are also compatible in more complex prescriptions. Giutamic acid 
has good properties with regard to stimulating efficiency (57 PWC, 56, 332 IE). I 
is important to note that long-tera intake of glutamic acid led, according to our 
observations, to an overall effect that is inherent in mild anabolics: increased 
appetite, body weight and metabolism (increased 0» uptake at rest and exercise), 
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lable |, Tested drugs afd prescriptions 





| Duration of [Numbe 








Product, dosage, Frequeney Of Gaily intake lcourse, days of subj, 
CNS stimulants (1) 

Phenamine (0,005 4), qed. Once . 
ew B* (UO, bb3° G)s GeGe ⸗ * 
Ephedrine 93029 q af)" qed. , é 

strychnine ‘18 00] ra. , 6 
Ephedrine (O, O15 q sberychnine (0. 0005 G), Ged. ° 

jydnocarb (0,01 Gs Gede a : 
bj hedrine(g,0 ), Bedcds ; & 

Strychnine (0. b3o8 497 6: fia. + | § 

hedra 5 g) ¢stryghnine(0.0005 g), bid | ; 0 
bpjese ing (2.34 ql}, id we *5 0 | 46 

Adaptogens (IT) 

Lleuterococcus (60-80 drops), t.i.d. 0 ‘ 
Saparal(0.05 gq), teisds ‘ | 6 
mgupogncoes inebrians (5% aqueous infusion) (i) th) 5 9) | 4 

te het . 

Biologically active agents and tonics (III) 

Anapriiin(0,04 vie ts. —_ el 6 
Glutamic acid(0 , w | i 
Panangin(i loz. Liokengel); -i.d. | 1+— 0 a 
Panangin(1) loz.) +glutamic — Gg), teied. w~ | 4 
Panangin(l log.) +potassium orotate(0.5 g), t.i.d. w” 





rotate 0: rr Auten ic acid(0.5 g)*#potassium | « " 


ota 
Ste n 9? — acid(0.5 ¢)+potassium | 


PaRaaginitl 182.5 shtitanie’ aia 5: ¢: gs +eleutero- | os 


coccus (60- ° » 3 
Panangin(l A ee areal ide t g) ¢undevit(l loz.)+ 
— ey? 5g), teded. K 3 
ryenl ated loz.) potassium orotate(0.5 an Sarr 
| 9) ) +decamevit (2 anie aeiato ba) seapae At i.dg #0 / 6 
Panang n(l loz.) glutamic acid(0, +sapara 
(0.1 g)#decamevit(2 loz.) ¢phosphrene (0.5 g),t.i.d. 6 _ 
| 
Saparal (0.1 g) +decamevit(2 loz.) +phosphrene | | os 
es Gg), tei.d. | a | 


— combining CNS stimulants and anabolics (IV) 


Panangin(1l loz.) ,t.i.d.* tassiua orotate(0.5 9). | 

t. ide typhedr ins (6 oy 7 3.2 DH W—i4 | 5 
Panangin or 19d. sfotassiam orotate(0.5 9), | 

sebapennace te. 0005 g), b.i.d. —  WeW-i4 |S 

slutamic acid(9.54),t.1.@.¢nerobol (0.005 g),t.i.d ~» |} tt 
Panangin(l loz.) ,t.i.d.#nerobol (0.005 g),t.i,d. | 5—30 , 
Panangin (i taboli i | w : 
Gluta c acta. “ase: * —xX— 068" 9 a ee a.+ i 
sydnocarb(0.01 g)t.i.d. 45—W—14 , 6 
Glutam.acid(0.5 q) t.i.d.¢neroboi (0.005 g)t.i.d.+ 

ephedrine(0.015 g)b.i1.d.+¢strychnine (0.0005 g)b.d of $—W—-14—14 |S 
Panagin(l loz,)t.i.d. +nerobol (0.005 g)t.i.d.+ 
sydnocarb(0.01 g)t.i.d. 45-W—14 5 
Panangin(l loz.)t.i.d.¢nerobol (0.005 g)t.i.d.+ 

prpedrine (0.015 g,b.i1.d.+strychnine(0.0005 gq) , 4-HM—-14—-14 





Note: The tested products were taken in the daytime under the supervision of 
the physician in charge. 





Nai b et tsuiti 


a 


f plute@mMic acid Lhere A4ued endurance | 


Ay : wit ine re ww 104 
it the time of Maximum pharmacologii action of phenamine, 4 atrong UNS stimulant 
However, iff ouF opinion, the ineret ft Lk it8 somewhat exaggerated in producti 
N Se and | { mare Liable >), WIth feg to abaeoliute value i, B8ince the testa were 
Tr begun With these producta, 1 some Of the subjects had not yet develope: 
sn) } breathing under conditions forced ventilation, 
able Ranked tabie of riteria of etficacy of drugs according to thelir efter: 
on physical rite 
Parametert criterion Rating of effect (or 
difference between background and experiment) the basis of devia 
tion from bar Kground) 
F 3 F 
Designa Unit of Signiti consid 
tion jmheasurement | cant | erable 
Functional teat on bievele ergometer PW 
ii (CUT ié , Pw 17a * t10 
rdiac power pet 0 ke-m/nmin WW, kKe~m/beat tv, U 
° " 1000 ke=-m/mi WN, kg~-m/beat ‘U,5 
Pulse debit per 10 min reat after 
i ke min \P oy beats/min ‘1U 
Pulse debit pet nin rest atter 
| ke-m/min P | beats/min | ai ae) 
Functional test tor It 
met ige t ime mn oi ie ergometer 
it ‘6S Pw j ‘] d 
Mean HR during exert i WP beats/min +] 
Mea HR eT 10 —01 rest tter exerc, VP » beats/min eit —4~ 
iptake at rest betore exercise VO, mi/min a) j 
Mean during exercisé VO», al/min 701 ‘we 
— — -_ — down . 
fass iu rotate, itamines and ph pntene were wot given separateiy, tor t 
rea tf wa DOS ipbi« { e®vaiuate their ettecta proper. Neverthelé > de 
served me tenden: toward additivity of action of these product wit ré 
riptions N f se abie 3). ihe highest ratings for miid and prolonged 
itimuiation were otained wit the prescript ix that mtaineac panangin, Biutami 
cid, paral, decamevit and phosphrene (1 PWC..., J3/7A ILE). A controi stud 
made 2 months Later cont inrm the high features of this mixture 
roug ee iabie 3 ited tf prescriptions nmtaining anabo! : NS 
nulators, which were taxen i mbinations and separately. Uniike those in grout 
| and ii, these prt ducts did not elicit such homogeneous reaction mM ub 
ects wit nigner pnvsicai Witioning rated the prescriptions better wit! egat 
. weii- ?. } } evedc etter i the netionai tests som e® pre rit 
ti were even fra t cing ie ighest performance AS a : 
erood wn int ram iT ecti * tf retabd ii, @li f the exp ett. wer 
pserved, With respect t rement | Muscuie mass and creaseG meta 
T what | eT important i that pre imi aT int ane i nad ics ang ai 





acids for a long pertod of time, which created 4 basic reserve of enhetRy potential 
and increased energy=producing capacity of the body, enhanced the subsequent effects 
of a coutse of low doses of CNS at imulators. 


We must discugs the results obtained in the Cescs with anaprilin, Anapriiin was 
submitted to 4 general evaluation, since we were concerned with its blocking pro— 
perties if the presence ol tachyeardta and arrhythmia occurring on the tirat days 
after real or simulated weightlessness (immersion, antiorthostatic hypokinesia), 
it was establiahed that there was significant slowing of resting HR, with loads 
referable to both testa, but the subjects reported increased fatigability. 


in addition to the tests using the bicycle ergometer, we performed the so-called 
yhenamine teat, i.e., funetional load at the time of maximum pharmacological 

effect (of single intake) of phenamine, in order to determine endurance of heavy 
muscular exercise after a course of general fortifying and tonic agents, We demon= 
strated some rather interesting patterns, = in the adaptogen group, 4 course of 
eleuterococcus did not alleviate in any way the effect of a strong stimulator, 
whereas a course of eaparal, which does not have high stimulant properties by it- 
self, not only elicited a 15% increment of IE, but preserved the background HR 
level during exercise and rest, in the "“phenamine test." Administration of lagochi- 
lus attenuated somewhat the doping effect of phenamine (there was negligible in- 
crease of MR during exercise and in the recovery period), and it led to additional 
peneral stimulation (6% PWCy»79, 10% ITE) against the background of increased oxygen 
uptake during exercise. 


rhe syatemic tonic prescriptions in group III without amino acids (panangin, 
slutamic acid), failed to elicit apprecialbe changes in endurance of heavy mus- 

siar activity against the background of a strong CNS stimulator. In view of the 
assumed special combinability of prescriptions containing amino acids and anabolics, 
the results of the phenamine test were very important in the case of prescribing 
CNS atimulants. We observed a significant increase in endurance after courses of 
pananginénerobol, giutamic acidénerobol, due to an increase in energy-produc ing 
capacity of the body (increased 0, uptake during exercise) with complete removal 
of doping symptoms, according to HR and AP, particularly in the presence of 
panangin. 


Thus, analysis ot the experimental data confirmed that the set of two functional 
teats on a bicycle ergometer (PWC,7, and IE, which we introduced) is a proper 
method for asseasing physical fitness and the stimulating effects of pharmacolo- 
sical products (with the selected criteria and ranking). The patterns of the ex- 
perimental functions of 0; uptake/CO, output time, or oxygen pulse, i.e., the 
"fatigue curves,” have a serious physiological basis, and they continue to develop 
the conceptions previously expounded in studies of “fatigue curves" of animals {19}. 


From the standpoint of prevention and recovery, in all cases there are no contra~- 
indications for adaptogens (eleuterococcus, saparal, lagochilus inebrians). Spe- 
-ial attention should be called to lagochilus (in the form of thick extract), which 
was discovered and studied by Soviet scientists and which, in our estimation, in- 
tensifies appreciably tissular respiration, creates reserves of macroergic com- 
pounds and has good properties with regard to direct stimulation of efficiency. 

fhe marked sedative effect of this product is also quite important. 
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‘Article by 5. 5. Oganesyan, R. A. Gevorkyan, T. 5. Zaminyan and M. A. Eloyan, 
submitted 21 Aug 79] 


\Englieh abstract from source] 


Text] There are data in the literature concerning the effects of space flight 
factors on some physiological and biochemical parameters of the muscular system 


luring ontogenetic development of animals [1-4]. However, the mechanism of 
eftect of altered gravity fieid on gyocardial gyocyte function and the golecuiar- 


genetic bases of adaptation thereof to extreme conditions has still not been 
elucidated. 


Methods 


The studies were mducted on 390 Leghorn chick embryos. ihe 
in a laboratory incubator at a temperature of 37.5°0.5°C and 


eggs were incubated 


relative humidity of 
2-654. An altered gravity field was sig@ulated by means of daily centrifuging 


of the eggs for 20 min from the 5th to 8th day of embryonic development (lst group; 


0 control and 50 experimental eggs) and from the lith to 20th dav of development 


(2@ group; i25 ntrol and i115 experimental eggs). ’y this purpose an attach- 
ment was designed for the [sLNR-i centrifuge. the rotating disk of which was 21.3 cm 
diameter and which turned at the rate of 1/0 rfpin, which orresponded to a 

rece tf 7 G. ihe gravitation vector traversed the eges in a transverse 
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‘| it snevouUA nHtractiona af Ontricuiaf CeL_ia ii t{isaaue iitufe in girs t re 
ite to the ape r the emorve 110, bil, thus, iff Our @xperiments, automat ti 

tivity tf venti iat ®lis Of BYedayveold embryos appeared 4-6 ht after the 

start f iitivation, Hence, brief centrifuging during the period between Che 

t and Sth dave {f development affecta formation of the rhythm of automatic con 

tractionae of ventricular cells 

entritugine ale i@d to decreased @etficacy ot the effect of Ca on embrvo fivo 
tes (see Figure), The significant decrease in sensitivity to Ca** effect on 


mpiitude of contractions is indicative of damage to the system of membrane tran 
_* J 
port f Ua under the inftiuence of brief exposure to an altered gravity field 
ring the period of embryonic development we satudied, 
Ettect of altered gravity field (/ G for 20 min daily) on mycfibrillar 
protein content of myocardium of hatched chicks 
Relative traction content, 
ABEL aw : 
Protein traction control experimental 
J J ra) 1D ia J icy | ’ 
emt ryo group | mbryo grouj 
Actin Zand ‘1.45 i}, 5*0 Zz 
iroponine1 i4.5%t2.3 10,420,0 
lropomyosin +. 970,75 12.670, 1 
roponin=! 970.0 
First ight @vosit hain 14. 5#2.3 10, B*#0. 16 
‘ nad iignht my if nain 
? 7-1. ,.V -uU.U 
J St ee 
inird light my in hai - UtU0.15 
- — — — — — — 
is, wal sO strated that when 4 phasi mod« I ontraction 1 imposed » Othe 
’ | “~— ‘ ) ’ ‘ Situ, r eariieast?t chang« iT¢ rou d } LA 
nus e sheat pump fu ti , Which is apparently due t the high rate tf re 
ewa {f membrane protein we previously demonstrated that a change in mode I 
eart | { nm .seacs ¢ impairment of normal quantitative rreiati petween pro 
tein subunits in the a macromolecule [13, 14], and it is also as ited wit! 
imiticant increase in @& fibrillar proteolyti activity {15 
af =m entrifuging of Kk embryos between the ilith and 2Uth day of ds 
A p me t ieG to t* J Lat i* p- , J anh rease aT} che >. J it i ti 4 
1] myofibre femoral muscles (by 462%), as compared to th 
tT ra m ‘ 
' . Na ~ arte ‘ eT ' ; pT tein itar ; ST | : ; ty ©} i mus Ss inger?T { J 
ant ence | an aiterec gravit field, and thi $s apparentiy attributabie ¢t } 
ngs in, mus ‘ the; | ctLivity, particu, iri atnepsi » wni is ianvoiveGd 
f itat i t ‘ [| @ ridriiiagr if proteir rope 
38 inge J — jwcer the ; ‘ orie?t oy rs ,itey ‘ 
: \ » ' : : — J J nt ; juant it ’ Te’ i iT etweer ™ 
1 oT iat J J J ™ aATGiUn A signiti J ,* rease ; ’ { ’ . 
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imi tra irom source! 

‘ { xnowt if histurdances t regi Ai rceuiati in head ve ‘ ision 
réders in the form of “gray” or “black” veil and loss of consciousness) and 
raia IirTrTrnvtnmia ii. ite among the Auses that Limit the pod ‘s re@esiat at ” ft 
ead ‘ is” accelerations, ‘here are isolated reports f & possible correlation 
twee ese symptoms ir it WaS 4180 established that thers is a decrease in 

‘ ly’ resistance { “head pelvis” accelerations itter simulation of the 
r¢ ‘Ss : 1J nait ning iff weight iesenessa by means | igmersion ‘it thi af 
ate with an increase in incidencs rt ectopi ardiac arrhythmia 
ye nere was |t investigate the orreiat n dDetween distur nces reterable 
ed i Any r De ‘ seis with bj] ; A Taia irrnyt hut im pt 
1— sure t ead<pelvi icceierations wing nditior imuiating 
a b ( : ‘ . 
\e ; 
“ t ‘ij t é ings 5 heaithy mals« int ! ranging i ge ft 
' ears, under if ent na i . im Cte isuail ¢ : ent ’- men), atter 
" tf efttect t de litio , mea t j<da : mme rt 5 mm 
! t mbdin 1 ayne wit? é 11 exposure t + 5. ind 
si j= ‘ ; 14 rt ATT entr I ; \ _ ‘4 The we 
eate ’ { centrifuge wit! +m Tr ius, W wa ‘ | 
j i id est lf” gradient of the set | accelerat n titute 
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Figure | 
Rat lume! @agnificatiaon 170° 


A) control 
5, 8) eupeti@ent, afeae of dye 
telectaseee and atelectacee, 


reeperctiwve, 


Concurrent light optic and electron Sicroscopic examination of the lungs reveaied 
4 number of changes if theif surtactant eyetem, WHich plave 4&4 iaree part if 
Siomechanice of reepifration | ><7) 


Dicoreanized Gembrancus elements of gature surfactant were vieibie in the lumen 
of @anyw alweoeli, which wae indicatiwe of breakdown and dieeociation |“diecamplesa 


tion”| thereof (Figure 7) ifn a6¢dition, we ebeerwed ifncereasaeed secretion of immature 
surtactant. which wae ee°h if the aivweoiar iween if the form of cemiophilic, 
laminar bodies and genbr anes Activation of eurfactant eecretion wae seeociated 
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Key to Figure 2) 


fA) alveolar jumen 

11K) capillary lumen 

XC) mature surfactant sembranes situated both directiy on the boundary of 
aifefiuid phases and in alveolar lumen (experiment ) 

WAl) type | alveolocyte cyteplase 

US) endothelial cytoplasm of pulmonary capillaries 

BM) basemen! seMbrane 

BEE) aite-bleed barrier (arrows) 

OT) vsmiophilic corpuscles (immature form of surfactant ) 


Faposure of animals for 60 @in ocourted on the dav of termination of the 24-day 
experi@ent, All of the experimental and control animale (15 @ice in each group) 
died, In the teste with l0-min exposure, we demonstrated a substantial difference 
between survival fate of experimental and control mice, Ali 26 animale of the 
control gfoup survived, Of the 35 aice in the experimental group exposed to the 
same conditions, 19 died. The death rate was related to time at which the test 
was performed, When the hyperbaric test was on the day of termination of the 24= 
day experiment, 10 out of 1) animale died; 7 out of 15 died after i day, One out 
of 10 animale died on the M4 day and | out of 15 on the 10th, 


The lungs of the @ice that died differed vieually from the control! against the 
background of aif~-bearing parenchyma, there were large airless regions of a 

dark cherry color, Upon section, lung tissue produced pinkish foamy fiuid, which 
was indicative of pulmonary edema, The plethoric areas, and occasionally the 
entire lung were deprived of buoyancy. The pathological changes (edema, hemor- 
rhages) in the lunge were so significant that they could be viewed a6 the immedi- 
ate cause of death, 


Thus, the experiments revealed that prolonged exposure to goderate hyperoxia with 
po, of 290 am He lowers aniaal resistance to the toxic effect of high 0, pressures, 
Thies effect was the @ost garked on the first days after termination of exposure 

to a @Goderately hyperoxic atmosphere and it virtually disappeared as time passed 
(by the 10th day). 





All of the foregoing leads us to 4 theoretically and practically important thesis, 
that even a relatively insignificant elevation of partial 0, pressure in an AGA 

is undesirable, in the case of long-tere exposure, in the literature of recent 
years there are indications that the threshold of toxic 0) concentrations is 
being shifted down more and gore. Our study signifies another step in this di- 
fection: it shows that ewen the elevated 0) concentrations in AGA that have ai- 
ready been used in space flights over long periods of time are not indifferent 

to the respiratory system, Perhaps, further work on this problem will demonstrate 
that any degree of elevation above the normal level of 0; in AGA is undesirable 
for long=tim exposure, constituting Gany Sonths. 
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RESULTS OF ‘HEAT TRANSFER 1' EXPERIMENT CONDUCTED ABOARD THE COSMOS<936 BILOSATELLITE 


— ROGNICREERATA BIOLOGIVA | AVIAKOSMICHESKAYA MEDITSINA in Russian No 6, 1960 
pp 73-76 


|Article by L. Nevak, L. Prokopova (CBBR), A. M. Genin and V. K. Golov (USSR), 
submitted 10 Nev 74%) 


[English abstract from source] 


li ctepment that be contimed the hy pothesrn aber writ lees 
mee decd e@mieant decteae of heat ates ftom a heated bod) tity the enviten 
“eo oot ast temteleted) fale far ede Gatitee Below | aie = * 


[Text | Several works have dealt with questions of setting standards for the micro= 
climate of manned spacecraft [1-4]. The latest data in thie field were summarized 
by Webb (5). However, a special study had not been made of the effect of we ght- 
leseness on processes of heat exchange between the human body and artificial atmos- 
phere of spacecraft. It is known fact that there ir no thermal displacement of 
heated air in weightlessness (natural convection), on which heat removal in earth's 
aravily largely depends (about 50% of heat removal). We previously [6] determined 
that it is possible to experimentally test the effect of weightlessness on changes 
in heat loss by homothermal systems using the sensor of an electrodynamic psychro- 
meter. The sensor of this automatic instrument reacts to a set of gsicroclimate 
conditions with homothermal organiems, and makes it possible to qualitatively 
assess the cooling effect of a given microclimate, as well as to determine the 
involvement of convection and radiation in forming thedry psychrometric measurement 
{7}. 


The objective of the joint Czech-Soviet “heat transfer 1" experiment, conducted 
aboard the Cosmose-936 biosatellite, was to teat the feasibility of direct measure- 
ment of the effect of weightlessness on heat loss by a homothermal body and influence 
on heat loss of forced convection at air velocities of 0-3 ms“', i.e., to obtain 
base data of the greatest hygienic significance. 


Methods 


The experiment was conducted using an automatic electrodynamic psychrometer with a 
calibrating device (code EDK-UT). The line diagram of the instrument is illustrated 
in Figure 1. The sensor of the psychrometer, which has a shiny surface of duralumin 
i, te secured on the avis of a duralumin cylinder, wind tunnel 2. There is a fan ¢ 
opposite the psychrometer sensory (at a distance of 10 cm). 
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Figure |, Line diagram of EDK=-UT instrument 


Se) = ee 4) wait for power and @easurement of force 
— — delivered to sensor 
ie jf BLxR b) whit for Measurement of tunnel temperature 
i a nr e — e) fan control 
a — 1) sensor 4) channel No | output (power 
° ' 2) wind tunnel measurement ) 
3) fan 5) channel No 2 output (temp, ) 


ihe instrument operated on Cosmos=936 in the automatic mode, the stereotype of 

which is divided into 7 positions, When turned on in the first position, the pay= 
chrometer heats up to the initial state, then switches successively to the other 6 
positions for readings to be taken when air velocity within the cylinder constitutes 
0, 0.7, 1.2, 2.0, 31.0 and O me", There was a total of 18 measurement cycles during 
the flight, The power delivered to the sensor and temperature on the surface of 

the wind tunnel were recorded during each reading by means of the onboard tape 

te. order, 


Since it was not possible to produce heat conditions in the synchronous ground=based 
experiment analogous to those aboard the biosatellite, we took control measurements 
using the returned flight and epare instruments in the laboratory at temperatures 

of the wind tunnel surface corresponding to those found during the flight. The 
error factor of reproduction constituted *0,5°C, The magnitude of heat loss was 
determined experimentally by placing the instrument in a vacuum chamber at 4 resi- 
dual pressure of 5°10"? am Hg. An ionization anemometer was used to measure air 
velocity on the ground, The atmosphere in Cosmos-936 was characterized by the follow- 
ing parameters: barometric pressure 770610 mm Hg (102-108 kPa), Ta #19%23°C, pO» 
126-210 mm Hg (16.86-27.6 kPa), pCO, 2-8 mm He (0. 266-1,.066 kPa) and relative air 
humidity 40-80%, The differences between the biosatellite's artificial atmosphere 
and that of the ground did not have 4 significant effect on heat loss, The area 

of the sensor surface, from which heat is emitted to the environment constitutes 

40 cm’ (precision of *1%). In order to obtain a general coefficient of heat trane- 
fer (4/) in SI system units, we used the following equation: 


bg 250 Hy, 

osm twe 
where Hy is heating power, Tpg is psychrometer temperature (in our case, 37°C) and 
Tye i8 the temperature of the wind tunnel surface which was initially in equili- 
brium with ambient air. The value of the coefficient of heat loss by convection 
(Ao) was obtained by subtracting the coefficient of heat transfer by radiation (/») 
from the overall heat loss coefficient (h;). 


Results and Discussion 


Figure 2 illustrates a record of one cycle of measurements of the cooling effect 
of the environment in weightlessness aboard Cosmos-936, In the first operating 
position of the instrument, the sensor heats up to 37°C, then maximum power is 
turned on. Then, after a brief switching to 9 position, the instrument goes into 
the operating mode. For technical reasons, the time in second position was 





sttalied, so that it appeare on the graph in the form of 4 recess, ihe Measufe 
Ment in still air is more graphically evident on the last, /th step (9thel4th min 
0! Measurement), The middle of the tracing consists of four positions with forced 
movement of ate at 0,/, 1,2, 2,0 and 3,0 m/s, Aas can be seen, equilibrium between 
sefeor heat production and heat loss occurs much faster with foreed convection than 
in still air, The dash line on the graph shows changes in wind tunnel temperature, 
which gradually rose (by about 0,7°C) after turning the inatrument on, then stabil- 
lged when the fan was tn operation, A new rise of tunnel temperature (by about 
1,5°C) was observed after the fan was turned off, between the 9th and i4th min of 
measuring sensor heat loss in atili air. This change in temperature of the walls 
of the wind tunnel reflects the process of accumulation of heat within the tunne! 
wails a8 4 result of diminished heat lose by convection after turning the fan off, 


Figure ds 
’ Tracing of one measurement cycle 
A a aboard Cosmos-9 36, 


; | pt = = * Xeaxia, time (min); y-axis, measured 
power (W) on the left, temperature (°C) 


. , 
| x 
| = 4 of wind tunnel surface on the right. 


” 


Explanation is given in the text. 


ihe mean value of the coefficient of heat loss by radiation with the instrument we 
used was determined in vacuum of 5°10"? am Hg (0.6 Pa). The measured radiation, 
as determined on the basis of 5 readings, constituted: 


hy * 1,150*0,057 W/a* K 


The table liste the resulte of 18 measurements taken aboard Cosmose-936 and 5 con- 
trol readings taken under analogous conditions on the ground, 


The table also lists the power fed to the sensor (H,), integral coefficient of 

heat loss (h,) and coefficient of heat loss by convection (4). The table shows 
that, according ‘o the theoretical assumptions, maxigum decrease in heat loss occurs 
in weightlessness in still air. 68y eliminating natural mixing of air (convection), 
overall heat ‘oss by the psychrometer diginishes by about 477% of the value measured 
in earth's g avity field. The effect of weightlessness on lowering the cooling 
effect of the environment diminishes very rapidly under the influence of forced 
convection, At an air velocity of 0.7 o/s, heat emission of the psychrometer 
sensor constitutes 88% of the value measured on the ground, and with velocities 

of 2 and 3 m/s, the difference between heat loss in weightlessness and on the 
ground becomes Statistically unreliable. 


it was established that with a temperature gradient of 15°C and coefficient of 
emission © = 0,18, radiation makes up a significant part of overall heat ioss only 
in still air (58%). With natural convection, the share of radiation drops to 277 
and with forced ventilation it becomes insignificant. 


The results obtained from the “heat transfer 1" experiment confirm the hypothesis 
that there is a substantial decline in weightlessness of heat loss from a heated 
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body in a still aif environment, The absence of fatural convection Makes if pos= 
sible to measure heat conduction ef air (A) in @ relatively thick layer, in out 
experiment, heat conduction of air (calculated without taking inte consideration 
the cylindrical shape of the heated body) constituted 4+ 0.0306 W/m “K, This is 
mity 1,94 Claes greater than the well-mown .onatant for air, and it virtually co= 
lncides with the measurements of Barton and tdhole [48], 


Heal transter parameters aboard the Cosmos=936 biosatel lite 


Patameter . , 


— = = = = = — = aE ot — SS — SS —— — 
z= = = = — — — = 
Bs oS: 








Tunnei surface temperature, °C 22.5=0,4 24205 21.4293 21,9204 2) 829.5 


(22,0290,5) 210-06) @1,4=0.5) ai oa ae 0.7) 

ntegral heat loss coefficient, 20°<9.1) i0O¢=03 45205 iF4=0.2 26-02 
* 46200 2⏑ —2—⏑⏑— ⏑——⏑⏑ BID 
% 

Heat loss by vonvection, W/m’ R=091° 9He027 3.2205 16,2 s 21.520.2 
(3,269 2 j=9,)) 42=04) 16,°=0 4) 22,\ =9,3) 


? | * , - >i 
ome W/a” | Wl=2) i Oe24 N6Ge34 MPGe446 M0279 
woyehs aS SEES CE @40=55 (96. 5= 8.2) 1000 Sei) 14,6) 1461,5200 & 





Note: Parameters measured in a mockup of the biosatellite are given in 
parentheses, 


% 


⸗ Figure 3. 
j/ Heat loss by EDK-UT sensor as 4 
* function of air velocity on earth 


(1) and in weightieseness (2) 


The fact that, a8 we established, there is virtually a linear relationship between 
air veiocity and heat loss is of practical significance. It is only with 4 velo- 
city of at least 2 m/s that a drastic increase in heat loss occurs, apparently due 
to appearance of turbulent flow (Figure 3). Heat loss by convection (he) can be 
calculated using the following empirical formulas: 
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4) Tor conditions on earth, with air velocity of less than 2 o/s, 
ia # ¥,aa"Ve * 3,26, and with velocity in exeess of 2 a/a 
fie = 16,0"°V" = 5,92) 
b) if weight iessness, with velocity of lesa than 2 a/s, 
igo = 10,68*°V? + 0.92, and with velocity in excess of 2 w/a 
i, = 17,0¢V? = 7,8, 


hus 1¢ wae established that the influence of weightleseness on heat loss by a 
heated body is more @anifest in still air or forced ventilation of up to | @/s, 
At greater velocities ‘feed air eovement, the influence of weightlessness is 
canceled out, At the same Cige, expresely this range of velocities of artificial 
convection (0 to 1 @/8) is the most significant from the standpoint of hygiene, 


The experimentally demonatrated function of air velocity ae related to heat loss 

of the DK-UT sensor makes it possible to use an analogous instrument for taking 

measurements and, in the future, to aleo regulate air flow in spacecraft cabins, 
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A DEVICE FOR STUDYING THE TURNING REFLEX IN SMALL LABORATORY ANIMALS 


Moscow KOSMICHESKAYA BLOLOGIYA | AVIAKOSMICHESKAYA MEDITSINA in Russian No 6, 1980 
pp 76-78 


[Article by G. &. Aysikov, A. S&S. Markin and I, Yu. Sarkisov, submitted 12 Apr 79) 


[Text] It is important to study animale’ turning [turning over) reactions in order 
to investigate the mechanisms of effects of weightlessness on vestibular and motor 
analyzer function, This was demonstrated in studies [1-5] pursued on cate during 
brief weightlessness and in the aftereffect period using the classical procedure 

of R. Magnue [6]. This procedure turned out to be unsuitable for etudying the 
turning reaction of rate. The fact of the matter is that the speed of the reac- 
tion, 4 marked grasping reflex and tail movements are considerably in advance of 
the motor reaction of the experimenter, The use of a soft “harness” was also 
unsuccessful, since rats suspended in such a device belly up turn around in the 
“harness” even before they start to fall, 


The device we developed makes it possible to immobilize the animal reliably and for 
a long time in any position (including belly up), and to rapidly release it for 
a free fall from any initial position, with a nontraumatic landing. 


Design of the device: The device consists of a container 1 stand (holder) 2, 
guided braking device 5, flexible rod ¢, connecting line § and safety net ¢ 
(Figure 1). 


The stand consists of a vertical strut on a tripod. The guiding attachment for 
placement of the container with the animal is secured to the top part of the stand, 
The guides are connected to a revolving unit that permits immobilization and 
rotation of the container about the horizontal axis. A fine-mesh safety net is 
attached to the bottom of the stand for the animals to drop into. There too, a 
console comes out, to which the flexible rod is attached, that is connected to the 
removable part of the container, as well as two capron straps that converge at the 
top of the stand and serve as the guiding-braking device. There is a ring that 
slides down these straps, that is connected by a short line to the removable 
shell. During the fall, the latter is moved to the side and braked. The stand 
has a roler to calculate the kinetograms. The stand is 180-200 cm high. 


Figure 2 illustrates the container with immobilized animal. The container consists 
of a removable shell /, clamp ° to secure the flexible rod, clamp / to secure the 
connecting line, stop mechanism lever 4, stop pin 5 and guides ¢. The container 
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is executed in the form of a platiorm on 4 SuUppor’s With paraiiei slots, inte which 
the Feevabie semicylindrical plexigias sheath, which presses the animal to the 
piattora, is inserted and secured by means of the atop @echanisam, The top part 

of the iffiee surface of the removable housing is lined with porolon for “soft 
compression” of the animal and to increase friction between touching surlaces, 

‘he ends of the removable sheath are covered with planes protruding from the plat- 
form, ofe of which revolves about the axis, opening the entrance to the tunnel 
formed by the plexiglas half-cylinder, 


Vperation of device! A rat is placed in the container that is removed from 
the stand, The removable sheath of the container is dropped into the slots of the 
prattorm to 4 certain depth that is sufficient to press the animal to the platform, 
and it is immobilized with the step mechanism, The container with the animal is 
Placed in the desired position on the stand (for example, with the animal's back 
down). The flexible rod and connecting line, linked with the guiding-braking 
device, ate secured to the clamps of the removable container housing, The experi- 
menter disconnects the top mechanism at the required time, Through the action of 
the flexible rod, the removable sheath is catapulted and turned in an inferolateral 
direction from the trajectory of the animal's fall, then braked by the guiding- 
braking device, The rat makes a free fail from the belly up position at a height 
of l=1.5 @ on the safety net. We see on the film frame (Figure 3) that the 
removable part of the container does not hinder the rat's free fall, since it is 
catapulted before the animal makes any movement, 


Studies of turning reactions of intact and delatyrinthectomied rats demonstrated 
the efficacy and reliability of operation of this device. A total of 2<3 min is 
required to test an animal, after which the unit is ready for operation again. 

The device is Light (4=5 kg), it can be easily disassembled into parts and stowed 
in 4 portable case, It is simple to service and is suitable for work in both the 
Laboratory and under field conditions. It can be used as well to test the turning 
reaction of other laboratory animals (for example, guinea pigs). 
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|Articole by B. A. Tigranyan, V. PF. Sawine, 8. A. Davydeva and BW. PF, Kalita, 
submitted 22 Peb 79%) 


iText|) There is practical importance to evaluation of the body's hormonal systems 
during prolonged exposure to an ionized ait environment, in our opinion, it is 
desirable to conduct studies of thie problem with evaluation of the vegeto= 
humoral=-hormenal complex |i), which implements the system of nonepecific adaptation, 
the @echanieme of which are closely related to the state of the adrenosympathet ic 
(AS), hypophystoadrenocortical and other regulatory systems of the body [1, 2). 


Nethode 


four @en franging in age from 25 tg 35 years participated in this study; they spent 
i6 daye in 4 pressure chamber 24 @ in sige, The 0: concentration was about 71:27, 
telative humidity was 50-70% and equivalent effective air temperature was 222°C, 


There were 4 sessions of air ionisation, ionisation lasting a total of 8 days, '*C 
f-emitters served as the source of ionization, and they provided 4 concentration 

of light ione of about 35,200 per ce positive and 22,/00/cce negative. The coeffi- 
cient of unipolarity constituted 1.58. There were the following periods without 
addicional air ionization: 89 h from the etart of the test to the first ionization 
session; 31 h between the first and second sessions, 6 h between the second and 
third, and 3% between the third and fourth. The first session lasted 24 h, the 
second and third 60 h each and the fourth 46 4h. The subjects were on 4 combined 
work and rest schedule. They exercised daily for the equivalent of 400 keal in i h. 


We analyzed venous blood and 24-h urine epecimene 13 and 7 days before the study 
(‘ackground), on the 24d, 7th, 9th, 13th and 16th days in the pressure chamber, 

o the 24 and 7th daye of the aftereffect period when they were on an unrestricted 
regimen, 


AS system activity wae evaluated on the basis of concentration of epinephrine (Ff), 
norepinephrine (NE) in blood plasma and excretion of E, NE, dopamine (DA) and 

dopa (D) in urine, We used the fivorometric gethod [3]. A quantitative evaluation 
was made of the state of the AS system, for which purpose we calculated some para- 
meters of relative activity of different elements of catecholamine (CA) setabolice 
(4). We assessed functional activity of the hypophysioadrenocort ical syetem (HAC) 
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accurding to levels of adfenecerticetropic hormone (ACTH) and eeftiael (Ff) eentent 
ef bleed, afd eacfetion of total |/-hydfenyeert Leoatereaids (L708) and |) kete= 
steroids (i/-#8) in upine., The functional stete of the hypephysiobhyreté syetes 
wae assessed according to levels of thyretrapic hormone (TTH), thyfonin (T.), tft- 
iedethyronine (fs) in bleed serum, Assays of bleed ACTH, F, TTH, T,, T., imaulin 
aid somatutfopic hormone (STH) were made by the fadioigmune @ethed velfig eete of 
Amersham Co, Feagente, Cea=ire=Serin and By Mal linerodt, i/-H08 ia urine were 
assayed by the wethed of Silber and Porter (5), and i/=KB by the method of M, A, 
Krekhova (6), 


The obtained results were processed by the @ethed of variation statistics wsine 
the oriterion of Fisher and Student [7], 


Results and Discussion 


in the Background period, the levels of hormones studied in bieod and urine were 
in the physiologically normal range (Tables | and 2), 


The beginning of the test (2d day) was associated with elevation of leveie of ACTH, 
*, insulin, B, NE in bleed and exeretion in urine of i, NE, DA and i 7-KS, a8 come 
pared to background levels, with coneurrent dectease in eoneentration of TTG, 1, and 
T. in blood, Tt gust be poted that, during thie period, we observed an inerease in 
L/NE ratio by 2 and 1.8 times in blood and urine, feapectively, ae compared to 
background level, All thie was indicative of increased activity of the hormone! 
element of the AS system and increased functional activity of the hypophysio- 
adrenocortical system, and it indicated the presence of emotional stress, apparently 
related to the start of the test, Analogous results had been obtained by 4 number 
of other authors (5, 8, 9). 


The next stage was characterized by an increase in ACTH, Ff, insulin and £ in blood, 
£, DF, 17-K8 in urine, the maximum elevation of levels being observed chiefly on 
the i kh day. Analogous changes, but in the opposite direction, were noted in 

NE, TTH, T, ond T, of blood and NE in urine. The £/NE ratio was considerably in= 
creased on the 13th and 16th days, constituting 240 and 254%, respectively, of the 
background level, Relative activity of DA synthesis (DA/d) was also increased, 
while NE/D ratio constituted only 57.5% of the base level, Excretion of 17-808 in 
urine and STH content of blood did not change throughout the testing period, 


At the readaptation stage, hormone levels in blood and urine 4id not differ from 
base values, and only TTH, T, and T, levels rose, 


Thus, long-term ionization was associated with 4 change ia functional activity of 
the hormonal element of the AS system, hypophysioadrenocortical and hypophysio= 
thyroid systems (as indicated by elevation of &, ACTH, Ff levels in blood and in- 
creased excretion of £, DA and 17-#8 in urine, as well as the decrease in TT, 7, 
and T. content of blood on the Lith day, which coincided with the end of the 60=h 
cyele of ionization), The observed activation of hormonal systems wae apparent ly 
instrumental in development of defense and adaptive reactions of the body to 
ionization. The changes in the opposite direction, which we demonstrated in the 
hypophysio-adrenocortical and thyroid systems, were due to the close correlation 
between the adrenal cortex and thyreid, which are part of the complex functional 
neuroendoctine system that provides for hormonal homeostasis of the body. 











Perametets of activity of adrenoeynpethetic system 


Table 1. 
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Beveral auihefe previeuely Ffepefted apposite copfelations between fuhetional aeti- 
vity of the advenal cortes and thyroid, tt must be hoted that teteal LieHO8 enefe= 
Lien did set change with the inefeased bieed ACTH and fF eentent, Thie te af idle 
Cation wot only @f activation of the hypophysivedfenoceftical ayatem, but + hanges 
in correlation between free and con) ed forms of il) -HO08, reflecting changes tf 
secretion and eatabolian of steroids (i?), 


The incfeased bleed F content against the beckground of unchanged ath hermene could, 
apparentiy, have aided if inefeasing the insulin concent fation due te possibile change 
in carbohydrate @etaboliom, tt ie aise possible that the inerease in elfeulating 
jneulio wae due te changes 18 secretion of giueagon, whieh can stimulate secfetion 
thereof (13), 


Along with the demonstrated changes in the hypophysioadrenscortical syste®, the 
question of diminished activity of the eediator element of the AS system in the 
presence of bonieation te father interesting, Ae 4 feeult of clinical enxamine= 
Lion, changes wete found in hemodynamic parameters, Which consisted of diminished 
einute volume of the heart, fedueed heart fate (by 10-1 3/ein) and arterial pressure 
drop to 100/70 am Hg. We cannot link the eotfelated changes if clinical signe and 
activity ef the mediater element of the AB system with the fact that the subjects 
were somewhat Feetficted in @otor activity, simee the cye le of theif exercise 
stimulated thie system daily [i4-i6), Evidently, we can attribute the findings to 
the inhibitery effect of aereions on activity eof the eediater element of the AS 
system and, in particular, activity of the eneyme, dopamine=-F-hydroxylase, which 
synthesizes WE from DA, The observed increase in eediator element of the AS sys 
tem during the Feadaptation period (inereased excretion of WE and DA in urine) was 
probably of a compensatory and adaptive nature when the subjects returned to theif 
aorta!) habitat, 


Thus, the subjects’ stay in 4 pressure chamber with an lonieged aif environment 
elicited activation of the hormonal element of the AS system, increase in functional 
activity of the hypophysioadrenccortical system and stiaulation of B-cells of the 
isiets of Langerhans in the pancreas, and at the same time it had an inhibitory 
effect on the @ediator element of the AS and hypophysio-thyroid systems, 
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STUDY OF MOUBE MORTALITY APTER EAPOBURE TO HELIUM IONS WITH ADMINISTRATION OF 
Ti Loomer 


Moscow KOSMICHEBKAYA BIOLOGIVA | AVLAKOSMICHEBKAYA MEDITSINA in Russian No 6, 1980 
pp Si? 


jArticle by & 8. Pederenke, 4. Ya. Talash and Yu. BD, Parfenev, submitted } May 79) 


[Text] Our objective was to make 4 comparative study of mortality rate of mice 
after exposure te helium ione and yrrays under ordinary conditions and following 
preliminary administration of tilerone.* Tilerone is an inductor of interferon, 
which has some effect on development of radiation lesions [1, 2]. The product 
aleo hae 4 wild radioprotective action [3]. 


Methode 


de used 294 wice (CBA*Ce, Bing)F, @ice of both sexes at the age of 4 gonths. The 
animals were exposed to helium ions in doses of 500, 600 and 800 rad, with energy 
of 1.8 GeV/aveleon, wd in 4 dose of 700 rad with energy of 4.6 GeV/nucleon. The 
dose rate constituted 1,4 and 0.4 rad/s, with *10 homogeneity of the beam and 
linear energy —_ (LET) of 6.3 and 6.3 MeV/g-cm’. A separate group of mice 
was exposed to yeraye at 4 dose rate of 5.5 rad/s. Several animals were 
given 4 solution of tilorone intragastrically in 4 dosage of 200 mg/kg body weight 
18 bh prior to irradiation, The synchrophasotror of the Unified Institute of 
Nuclear Research in Dubno was used to deliver the helium ions; y-raye were deliv- 
ered from an RKh-y-30 woit. We kept 4 record of We-<day mortality. 


Resuite and Diecussion 


As shown by the results of our studies (Table 1), preadministration of tilorone 

4id not reliably lower the postradiation death rate after delivery of helium ions 
in doses of 600, 700 and 800 rad. At the same time, administration of tilorone 18h 
before irradiation shortend the animals’ life epan (Tabie 2). On thie basis, it 
can be concluded that prelisinary administration of tilorone enhances the radia- 
tion lesion from helium ions. We observed greater effectiveness of helium ions, 


as compared to y-fays. 


WDsesae for mice exposed to helium ions constituted 593214 rad; it was 597224 rad 
for animals given tilorone and then exposed to helium ions and 326°38 rad for 


87, 1-<di (3-<diethy laminoethyoxy) f luoren-9-one dihydrochioride. 




















these exposed to Yerays, Thus, it was established that adminiatration of tiloerone 
does Hot affect the value of LDsesae after exposure to helium ions, 


Table l, Table 2. 
WOeDay Mouse woftality after exposure Mean survival time of mice after exposure 
te helium tone and Yeraye to helium tone and Yeraya 
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The coefficients of relative biological effectiveness (RBE) of helium ions, cal- 
culated in relation to LDse,/s0 of Y-raye constituted 1.4, which corresponds to 
RBE of lower energy helium ions, obtained with the criterion of mouse breast 
cancer cell survival [4] and parameters of rat embryo development [5]. 


The resulte of this etudy indicate that irradiation with helium ions with energy 
of 1.86 and 4.6 GeV/nucleon is biologically gore effective than *°co y-radiation 
(evaluated according to animal mortality). 
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SEASONAL CHANGES IN LEUKOCYTE COUNT AND PHAGOCYTIC ACTIVITY OF LEUKOCYTES IN 
INDIVIDUALS WORKING IN A CLOSED ENVIRONMENT 
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pp 82-84 


[Article by V. 8. Novikov and A, M. Timofeyev, submitted 7 Dec 79) 


[Text] There is extensive discussion in the literature of impunobiological pro=- 
cesses as related to man's spending different periods of time in a closed environ- 
ment [l-4], The adaptive immunological capabilities of people who constantly 
work in airtight (pressurized, sealed-off) areas have been less studied [5]. There 
are virtually no data concerning the seasonal changes in functional etete of leuko= 
cytes of specialists who work for long periods of time in a closed envim nment 
with elevated ambient temperature and noise, 


Methods 


A survey was made in the temperate climate zone of 43 operators ranging in age from 
19 to 22 years, who worked in sealed-off rooms where ambient temperature ranged 
from 24 to 42°C and ambient ["atmospheric"] noise ranged from 87 to 108 dB. The 
subjects spent 8 h daily under these conditions. The control group (30 people) 
consisted of subjects in the same occupation, of the same age and with the same 
work tenure, but who worked under normal hygienic conditions. This study was con- 
ducted with due consideration of season: in October, January, April and July. We 
determine the absolute leukocyte count, e¢ well ae relative loss and absorption 
capacity of phagocytes, intensity of phagocyte absorption and effectiveness of the 
phagocytic reaction [6, 7]. We used a culture of strain 209P staphylococcus as the 
microbial object of absorption. 


Resuite and Discussion 


We demonstrated an increase in leukocyte count in people working in a closed en- 
vironment, referable to the neutrophils and monocytes in the wintertime, and a 
reliable decline in the spring and summer (P<0.05; see Table). Similar seasonal 
changes were observed in the control group, and this is not inconsistent with data 
in the literature [8, 9). As a rule, there was a lower leukocyte count, due to 
reduction in number of neutrophils and @onocytes, in the experimental group, and 
thie could lead to reduction of protective immune properties of blood [10, 11]. The 
eosinophil content was higher in the experimental group at 411 tested times, while 
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lymphocyte content wae lower than in the contrel, At the same time, the changes 
demonstrated in leukogram parameters of apecialiste in the experimental group did 
not usually exceed the range of physiological fluctuations [12], 


beasonal changes in functional activity of leukocytes (Mam) 
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Studies of the functional state of leukocytes revealed that Leukocytolysis was 2)- 
35% higher in the gain group, throughout the study period, than in the control 
group, while leukocyte absorptive capacity was 22-36% lower. It gust be stressed 
that these findings are nonspecific, and they are observed, in particular, among 
specialists working in “hot shops” [13]. The seasonal changes in parametere of 
functional activity of leukocytes were characterized by a decline of resistance, 
absorptive and digestive leukocyte functions in the spring and summer. These 


changes were gore marked in the gain [experimental] group of specialist: (see 
Table). 
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PERCEPTION OF INSTRUMENT DATA AS RELATED TO FLYING EXPERIENCE 


Moscow KOSMICHESKAYA BIOLOGITYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 6, 1980 
pp 84-86 


[Article by V. V. Kniga, submitted 10 Dee 79) 


[Text] Pilot perception and processing of inetrument data depend on many factors. 
Experience in flight work ie quite important in thie respect. 


Our objective here wae to determine the link between evaluation of quality of 
perception and processing of inetrument data under laboratory conditions and the 
pilots’ experience in inetrument flying. 


The method of presenting photographic reproductions of instrument panels is one 
of the means of studying the quality of perception and processing of data under 
laboratory conditions. This method was first used by B. M. Pikovekiy in 1953 [1). 
The “photomodel” method was used by G. L. Komendantov et al. to assess fatigue 

in on-duty pilote [2]. Concurrently, studies were pursued of the possibility of 
training flight personnel with the use of photomodels. M. B. Zabutyy, who used 
the photomodel method to simulate the discrete form of air sickness in pilots, 
demonstrated that the quality of instrument reading diminishes significantly, 
even prior to development of vegetative reactions [3]. Subsequently, various 
modifications of the photomodel method were proposed, and they were used for pur- 
poses of expert evaluations. A method was developed involving the use of a real 
mock-up of an instrument panel [4]. Methods were also developed that made use of 
tachistoscopes, in which one could display images of instruments with the needles 
in different positions, etc. 


N. A. Ragsolov and 0. P. Yakovlev [4] evaluated professional fitness for flying 
with simulation of gotion sickness on the basis of the results of reading avia- 
tion inetrumente (color slides of the An-24 aircraft instrument panel). The 
method of grading perception in pointe was used [5]. 


The advantage of testing the quality of perception and processing of instrument 
data by the photomodel method is that it does not require the use of expensive, 
complicated equipment, and it makes possible 4 quantitative evaluation of instru- 
ment reading error and time, and to take into consideration a shortage of time. 


in our study of instrument data perception and processing under laboratory condi- 
tions, we tried to take into consideration the degree of nervous and sental 
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Stfess in the piliots, We detefHined the most informative patametera of atresea 
fefefable to the main physiological funetions, that can be evaluated by an 
aviation phyete ian, These patatietefs ot the pilets were recorded while they per 
formed 4 task under laboratory conditions that reproduced one of the elements of 
fiying work, the process of instrument data perception and processing, OU the 
basis of these studies, 4 method was developed for quantitative evaluation of 

the quality of perception and processing of inetrument information by means of an 
integral rating, which takes into consideration the degree of tension |atresa!] 

of the catdlovasceular and respiratory systema in the course of the study. 


Met hi val 3 


in our studies, we used the modification of 0, P. Yakovlev [5] of the photomode! 
method, Ouring the test, we recorded the parameters of the pilots’ cardiovascular 
and reapifatory systems, On the basis of the studies, we proposed an integra) 
evaluation of quality of perception and processing of instrument data under labo- 
ratory conditions, 


We prepa.ed 4 total of 4/ color slides with pictures of an aircraft inatrument 
panel for use in our studies, They were conducted in the course of outpatient 
certification of pilots by an aviation medical commission. bach slide was shown 
for 4 e. The interval between slides was the same throughout the study period, and 
it constituted 30 «, Thus, we exhibited 720 slides to 60 pilots. During the 
study we recorded the EKG, heart rate (HR) and minute volume of respiration (1). 
We used the SAN method to assess the condition of the pilots and measured arterial 
pressure (AP) before and after the study. The pilots had to remember the readings 
of flight and navigation instruments, determine the position of the aircraft in 
Tue | ind stage of flight. Their anewers were graded on 4 5S=<point scale! correct 
perception of all inetrument readings, determination of aircraft position in space 
and etage of flight was given a grade of 5; with incorrect perception of one of 
the instruments, the grade was dropped by 0.5 point, and with incorrect determina~- 
tion of the aircraft's position and stage of flight by 1 point. 


The integral rati was determined by the following formula: 


0.1 aR, + MV, 


where I is the integral rating, M is the grade given to the pilot's answers on a 

S=-point scale, 0.1 is the coefficient that takes into consideration the correla- 

tion between effect of HR and MV on integral rating, and also serves to make cal- 
culations more convenient (determined empirically), the subscript "b" refers to 


background value and "m’ to the value obtained during the test. 


i= 





Parameter M takes into consideration the results of pilot performance with regard 
to data perception and processing under laboratory conditions, and parameters HR 
and MV consider the reactions of the cardiovascular and respiratory systems during 
this performance. In view of the fact that, in our studies, a high degree of 
motivation for the test was gained in the course of certification of flight per- 
sonnel by the aviation medical commission, the ratio of background values to 

HR and MV in the laboratory tests serves as an indicator of degree of nervous- 
mental tension of pilots during the test. The lower this ratio, the greater the 
tension associated with pilot performance i» perceiving and processing instrument 
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Of perception and processing Of inatrument data, and physiologica. parameters of 


work experience when performing taske under laboratory conditions that simulated 





information under ilaberatery conditions and the lower the integral rating, Lone 
versely, the greater the value of the right part of the equation, the leas 
tension of physiological functions was assoctated with performance of this work, 


lhe study was conducted in two stages; at the firat stage, we examined the quaiity 
the cardiovascular and respiratory systems of pilote with different levels of ex- 


these processes, by @eane of the method of reading photomodels of an inet rument 
panei, At the second stage, we examined the changes in integral rating of per 
ception and processing of instrument information under laboratory conditions 4s a4 
function of flying experience, 





Resulte and Viecvuesion 


The average grade wae 4.4 (ranging from 4.1 to 4,6, depending on the difficulty 
of the assigned taske) for perception and processing of inatrument data by 
Clase I pilote and 4.3 (4,084.6) for clase Il pilots. The difference in grades 
between the two classes wae insignificant and unreliable. 


in clase III pilote, the quality of perception and processing of inetrument data 
wae graded at 3.%, and the grade was in the range of 3./2=4.13, depending on the 
difficulty of the task. The difference between clase IIIl and clasa 1 pilot 
ratings was significant (P<0,05). 


Integral evaluation of perception and processing of instrument data by 
pilote differing in flying experience 
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The difference between the grades of class [Il and classe II pilots was less marked, 


but aleo reliable (P<0.05) [sic]. 


Our results revealed that there is a correlation between the quality of perception 
and processing of information and experience in flight work. 
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[Text] “Study of the Effect of Steady Magnetic Pield on Gas Mmission Pros 
Polymer Construction Materials,” by V. DB. Yablochkia, 


A study wae @ade of the effect of 4 stationary gagnetic field (SNF) of up te 
620 Oe, which is used to protect the erews of spacecraft from radioactive radia- 
tion, of gassing from 10 samples of polymere used in construction, it was shown 
that SMF has no appreciable effect on gassing of linear polymers, whereas ex- 
posure of mesh polymers lowers emission of volatile substances by 10-50%, The 
probable mechanism of action of SMP on polymers is discussed, 
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"Means of Increasing Muscular Activity in Weightleseness by the Method of 
‘Load-Pree’ Muscle Tension,” by A. ¥. Kowalik 


Determination was made of the effect of deliberate [volitional] “load-free” 
[idic?) muscle tension (DLMT) on performance of simulated operator work. It was 
established that performance of motor actions under these conditions is associ- 
ated with }<5<fold increase in amplitude of muscle biopotentials (recorded from 
& muecies). Performance time was shortened by 12.4 6 (P = 0.01), and differences 
in number of errore were unreliable. In order to demonstrate the effect of DLNT 
on functional changes in the systems of the body, govements were selected that 
can be readily reproduced and involve the main muscle groups: flexion and exten- 
sion of the elbow, knee and ankle joints, raising and lowering the arms. The 
movements were performed with one and both limbs, first by the usual method then 
with DLT at 590% of maximum exertion and aaxiaum 5 and<fold intensification (2-8 
cycle). Pulse and respiraiion rate, arterial pressure, sinute volume (MV) and 
electrical activity (BA) of guecles were recorded. in addition, skin temperature 
over working quecles was seasured for 2 min. Analysis of the results revealed 
that performance of exercises in the customary way did not elicit appreciable 
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Changes 10 the pafametefs Fecetded (with the exception ef @uecie BA), When per= 
for@ing eset lees with gan qum DUG these pafameters incteased appreciabiy, 
particularly the pulse (by 4& @ean of 12, i/ein) and MV (hy 10.4 &), Gh the baste 
of theese eludies, exetcises were developed far use While performing sedentary 
wore under any conditions, 


i, Litt feet of the Fleer, teneing @useles, @eving the feet in different directions, 
?, Prese selese te the chalf lege and tense Guecies, 


), Stfaighten lege and tenee leg @uecies, if conditions de Het permit stretching 
legs, afaep chaif lege with the tees and tense suacies, 


+, Teneing shoulder gifdle @uecies, perfor are govemente in different difectione, 
5, Teneing beck @Quecies, perfor® bende, 

6, Make @ovemente with the abdomen! fofward=<inepifation, backtward=-eapirat ion, 

/, Tenee gluteal and pelvic fundus guacies, 

&. Make head @ovements teneing feck gquecies, 

9. Bend and turn the trunk in different directions tensing trunk quecies, 

10, Tense all body guecies (this exercise can be performed without govement 4ieo). 


Lach govement wae performed for 10 « with 50% of eaxi@um exertion. Analysis of the 
resuite revealed that pulse increased by 16.8/@in (124.2%) when performing the 
exercises once (1 @in 40 6), MV increased by 6.4 & (158.3%). and there was insigni- 
ficant change in other parameters, Performance of the set of exercises 2 and } 
ti@es in 4 row fresuited in virtually ne further changes in recorded parameters. 

in view of the fact that it is difficult te gonitor the MG in 4 work situation, 
the other group of subjects performed in accordance with the following instructions: 
"... perform exercises with application of force equaling half the aaxiaum 
exertion.” In these subjects, @uscular activity varied significantiy, but on the 
average it held at 30-40% of gaxiqum exertion and wae associated with the appro- 
priate @oderate reaction of the body. Thus, it was demonstrated that one can 
increase guecular activity by the DLAT gethod at any time and with the body in any 
position, with and without sovements, activating any guecies, without distraction 
from work operations or igpairment thereof. Of course, in each epecific case, the 
mode of exercise (tise, repetition, degree of guecie tension, etc.) will depend on 
the individual distinctions of working conditions, and it is selected in accordance 
with flighte differing in duration. in the course of the enercises, each person 
will be able to determine the best regimen for himself, and well-being will serve 
ae 4 criterion for determining the duration and intensity of exercise. 
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